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J-1
J-2
J-3
J-4
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DATA PROCUREMENT DOCUMENT (DPD)

APPLICABLE, GUIDANCE, AND INFORMATIONAL DOCUMENTS LIST
WORK BREAKDOWN STRUCTURE

GLOSSARY
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J-11
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(END OF SECTION)
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PART I - THE SCHEDULE

SECTION B - SUPPLIES OR SERVICES AND PRICE/COSTS

B.1 LISTING OF CLAUSES INCORPORATED BY REFERENCE

NOTICE: The following contract clauses pertinent to this section are hereby incorporated by reference:
L FEDERAL ACQUISITION REGULATION (48 CFR CHAPTER 1)

CLAUSE ,
NUMBER DATE TITLE
None

II. NASA FEDERAL ACQUISITION REGULATION SUPPLEMENT (48 CFR CHAPTER 18)

CLAUSE
NUMBER DATE TITLE
None

{End of By Reference Section)

B.2 DESCRIPTION OF WORK

The Contractor shall, in a manner consistent with and subject to the terms and conditions hereof, furnish
all resources necessary except as otherwise provided in this contract, to design, develop, test, evaluate
and produce Crew Exploration Vehicle (CEV) variants that will carry human crews from Earth into
space and back again. Coupled with transfer stages, landing vehicles, and surface exploration systems
the CEV will serve as an essential component of the architecture that supports human voyages to ISS,
the Moon, and beyond.

b

This contract is divided into three separate contract schedules (A, B, and C). Terms and conditions set
forth in each contract schedule apply to that schedule only.

(End of clause)

Schedule A, Section B
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B.3 ESTIMATED COST AND AWARD FEE (NFS 1852.216-85) (SEP 1993)

a. The estimated cost and award fee for Schedule A (base fee not applicable) of this contract is broken

out as follows:
Estimated  Maximum Total Cost

Cost Award Fee  and Award Fee
Completion form work
(all work not identified as IDIQ) o $3,885,932,174
IDIG Delivery Orders issued** $0 $0 $0
Total §* g §*

* to be filled in by NASA

** NOTE: Work subject to IDIQ provisions and separately identified in the statement of work,
Amounts for estimated cost and available award fee for cost reimbursable IDIQ delivery
orders issued will be periodically updated unilaterally as these IDIQ delivery orders are
issued/amended. There may be some discrepancy with the total amount for the IDIQ
task/delivery orders issued listed in this clause and the total amount for cost reimbursable
IDIQ delivery orders that have been issued during intervals between periodic updates of this
clause. The IDIQ value shown here identifies the current authorized work. The maximum
potential IDIQ contract value is identified in Clause 1.7 ORDER LIMITATIONS.

(End of clause)

B.4 CONTRACT FUNDING (NASA 1852.232-81) (JUN 1990)

a. For purposes of payment of cost, exclusive of fee, in accordance with the Limitation of Funds clause
in Section 1, the total amount allotted by the Government Schedule A is an estimate for the period of
performance TBD by NASA at Award.

b. Schedule A contract funding summary:

COST FEE TOTAL
Schedule A $27,000,000

(End of clause)
B.5 MINIMUM/MAXIMUM IDIQ POTENTIAL CONTRACT VALUE

In accordance with 1.8 INDEFINITE QUANTITY (b), the guaranteed minimum amount of work which
may be required under this contract Schedule A is §720,000 and the maximum amount of work which
may be required under this contract is $750,000.000. This amount includes both cost and fee. The
maximum amount is an estimate and does not reflect an obligation of the Government. The
Government’s obligation hereunder shall be based on that specified in the delivery orders issued during
the period of the contract. '

Schedule A, Section B
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(End of clause)

B.6 RATE TABLE FOR PRICING TASK ORDERS

Completed Rate Tables for Schedule A are included as Attachment J-23.

The purpose of this clause is to set forth the direct, indirect, and fee rates to be utilized in the
subsequent negotiation and cost establishment of ID/IQ Task Orders in accordance with Task Ordering
Procedure. The contractor will utilize the direct, indirect and fee rates established herein to determine
the estimated costs for each ID/IQ Task Order. The following form is to be filled out for each of
contract years.

(End of clause)

(END OF SECTION)
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Section C

SECTION C - DESCRIPTION/SPECIFICATION/WORK STATEMENT

The Contractor shall, in manner consistent with and subject to the terms and conditions hereof, furnish
all resources necessary to provide the effort described in Attachment J-1, Schedule A — Statement of

Work.

(END OF SECTION)

Schedule A, Section C
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SECTION D - PACKAGING AND MARKING

D.1 LISTING OF CLAUSES INCORPORATED BY REFERENCE

NOTICE: The following contract clauses pertinent to this section are hereby incorporated by reference:
L FEDERAL ACQUISITION REGULATION (48 CFR CHAPTER 1)
CLAUSE

NUMBER DATE TITLE
None

II. NASA FEDERAL ACQUISITION REGULATION SUPPLEMENT (48 CFR CHAPTER
18)

CLAUSE
NUMBER DATE TITLE
None

(End of By Reference Section)

D.2 PACKAGING, HANDLING, AND TRANSPORTATION (NASA 1852.211-70) (SEP 2005)

(a) The Contractor shall comply with NASA Procedural Requirements (NPR) 6000.1, "Requirements
for Packaging, Handling, and Transportation for Aeronautical and Space Systems, Fquipment, and
Associated Components”, as may be supplemented by the statement of work or specifications of this
contract, for all items designated as Class I, II, or I11.

(b) The Contractor's packaging, handling, and transportation procedures may be used, in whole or in
part, subject to the written approval of the Contracting Officer, provided (1) the Contractor's
procedures are not in conflict with any requirements of this contract, and (2) the requirements of this
contract shall take precedence in the event of any conflict with the Contractor's procedures.

(¢) The Contractor must place the requirements of this clause in all subcontracts for items that will
become components of deliverable Class I, IT, or I1I items.

(End of clause)

(END OF SECTION)
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SECTION E - INSPECTION AND ACCEPTANCE

E.1 LISTING OF CLAUSES INCORPORATED BY REFERENCE
NOTICE: The following contract clauses pertinent to this section are hereby incorporated by reference:

L FEDERAL ACQUISITION REGULATION (48 CFR CHAPTER 1)

CLAUSE

NUMBER DATE TITLE

52.246-3 MAY 2001 INSPECTION OF SUPPLIES - COST
REIMBURSEMENT

52.246-8 MAY 2001 INSPECTION OF RESEARCH AND

DEVELOPMENT-COST-REIMBURSEMENT

II. NASA FEDERAL ACQUISITION REGULATION SUPPLEMENT (48 CFR CHAPTER 18)

CLAUSE
NUMBER DATE TITLE
1852.246-73 MAR 1997 HUMAN SPACE FLIGHT ITEM

(End of By Reference Section)

E2 HIGHER-LEVEL CONTRACT QUALITY REQUIREMENT (FAR 52.246-11) (FEB
1999)

The Contractor shall comply with the higher-level quality standard selected below:
SAE AS9100, Quality Systems-Aerospace, model for Quality Assurance in Design, Development,
Production, Installation and Servicing

{End of clause)

E3 MATERIAL INSPECTION AND RECEIVING REPORT (NFS 1852.246-72) (AUG 2003)

(a) At the time of each delivery to the Government under this contract, the Contractor shall furnish a
Material Inspection and Receiving Report (DD Form 250 series) prepared in six (including original)
copies, an original and five copies.

(b) The Contractor shall prepare the DD Form 250 in accordance with NASA FAR Supplement 1846.6 .
The Contractor shall enclose the copies of the DD Form 250 in the package or seal them in a
waterproof envelope, which shall be securely attached to the exterior of the package in the most
protected location.

Schedule A, Section E
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(c) When more than one package is involved in a shipment, the Contractor shall list on the DD Form
250, as additional information, the quantity of packages and the package numbers. The Contractor
shall forward the DD Form 250 with the lowest numbered package of the shipment and print the
words "CONTAINS DD FORM 250" on the package.

{End of clause)

E.4 PRELIMINARY INSPECTION AT SOURCE AND FINAL INSPECTION AND
ACCEPTANCE AT DESTINATION (JSC 52.246-91) (JUN 1991)

Preliminary inspection for compliance with the contract specifications and requirements may be
performed at origin by an authorized representative of the Government, and final inspection and
acceptance will be performed by the contracting officer or his/her authorized representative at the
destination.

(End of clause)

(END OF SECTION)
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SECTION F - DELIVERIES OR PERFORMANCE

F.1 LISTING OF CLAUSES INCORPORATED BY REFERENCE
NOTICE: The following contract clauses pertinent to this section are hereby incorporated by reference:

L FEDERAL ACQUISITION REGULATION (48 CFR CHAPTER 1)

CLAUSE

NUMBER DATE TITLE

52.242-15 AUG 1989 STOP-WORK ORDER (ALT I) (APR 1984)
52.247-29 FEB 2006 F.O.B. ORIGIN

II. NASA FEDERAL ACQUISITION REGULATION SUPPLEMENT (48 CFR CHAPTER 18)

CLAUSE
NUMBER DATE TITLE
None

(End of By Reference Section)

F2 COMPLETION OF WORK (JSC 52.211-95) (OCT 2001)

All work required under this contract in Schedule A, including submission of all reports, shall be
completed on or before:

a) Design, Develop, Test and Evaluation--- Per the Integrated Project Schedule (Attachment J-16)
b) IDIQ--- refer to IDIQ clauses “Ordering” and “Indefinite Quantity” in Section I

(End of clause)

F.3  BILLS OF LADING (NFS 1852.247-73) (JUN 2002)

The purpose of this clause is to define when a commercial bill of lading or a government bill of lading is
to be used when shipments of deliverable items under this contract are Free On Board (F.0.B.) origin.

(a) Commercial Bills of Lading. All domestic shipments shall be made via commercial bills of lading
(CBLs). The Contractor shall prepay domestic transportation charges. The Government shall
reimburse the Contractor for these charges if they are added to the invoice as a separate line item
supported by the paid freight receipts. If paid receipts in support of the invoice are not obtainable, a
statement as described below must be completed, signed by an authorized company representative,
and attached to the invoice. “I certify that the shipments identified below have been made,

Schedule A, Section F
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transportation charges have been paid by (company name), and paid freight or comparable receipts
are not obtainable.

Contract or Order Number; NNJO6TA25C
Destination;:  TBD 7

(b) Government Bills of Lading.

(1) International (export) and domestic overseas shipments of items deliverable under this contract
shall be made by Government Bills of Lading (GBLs). As used in this clause, “domestic
overseas” means non-continental United States, i.e. Hawaii, Commonwealth of Puerto Rico, and
possessions of the United States.

(2) At least 15 days before shipment, the Contractor shall request in writing GBLs from: Cindy
Ratliff, Lead TMS, Contract Transportation, 2101 NASA Parkway, Mail Code JB7, Houston,
TX, 77038. If time is limited, requests may be by telephone: 281-483-3208. Requests for GBLs
shall include the following information.

(i) Item identification/ description.

(i) Origin and destination.

(iii) Individual and total weights.

(iv) Dimensional Weight.

(v) Dimensions and total cubic footage.
(vi) Total number of picces.

(vii) Total dollar value.

(viii) Other pertinent data.

(End of clause)

F.4 FLIGHT ITEM (JSC 52.247-95) (SEP 1989)

Block 16 of each Department of Defense Form 250 prepared for hardware or equipment to be shipped
under this contract must be annotated as follows in “-inch letters or larger by hand printing or rubber
stamp:

THIS IS A FLIGHT ITEM: OR “THIS IS MISSION ESSENTIAL GROUND SUPPORT
EQUIPMENT,” as applicable.

(End of clause)

F.5  SHIPPING INSTRUCTIONS

All documentation and hardware to be shipped to JSC shall be shipped as identified below:

Parcel Post Shipments and Freight Shipments
Ship to: Transportation Officer,
Building 421
NASA Johnson Space Center
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2101 NASA Parkway

Houston, TX 77058-3696
Mark for: Accountable Property Officer
Mark With:  Contract Number NNJO6TA25C

For reissue to: (Name) Fred Ouellette
(Mail Code) ZV
(Bldg.) 17
(Rm.) 252F

Hardware may be required to be shipped to locations other than those identified above in the
performance of this contract; the “ship to; mark for; for reissue to” information shall be modified as
necessary to annotate the appropriate information for each shipment.

(End of clause)
F.6 DELIVERABLES

The Contractor shall make all deliverables as described in Section C, Attachment J-9, Deliverable Ttems
List, and Attachment J-2, Data Requirements Description, of this contract.

(End of clause)
F.7 OPTION TO EXTEND ORDERING PERIOD

The Contracting Officer may exercise each of the options listed below by issuance of a unilateral
contract modification 30 days or more before the end of the period set forth in clause F.2 (b)
“Completion of Work”. Should the option(s) be exercised, the resultant contract will include all terms
and conditions of the contract as it exists immediately prior to the exercise of the option(s), except for
the following changes:

1. Part (a) of clause 1.6 entitled “Ordering” shall be changed to show that orders may be issued
from Contract Start Date to September 7, 2013.

(End of clause)

F.8 PRODUCTION AND SUSTAINING ENGINEERING OPTION

The Government may require the Contractor to accomplish the production and sustaining engineering
activities described in Attachments J-20 and J-21. The Contracting Officer may exercise this option by
issuance of a unilateral contract modification no later than 60 days prior to the beginning of the ordering
period set forth in Schedule B, clause 1.6 Ordering, and Schedule C, clause 1.6 Ordering. Should the
option be exercised, the resultant contract schedules will include all terms and conditions contained in
Section J Attachments J-20 (Schedule B) and J-21 (Schedule C) immediately prior to the exercise of the
option. The exercising of this option will assure the placement of the minimum order set forth in the
“Ordering” clause in Section I of Attachments J-20 and J-21.
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In the event the Government elects to exercise this option pursuant to the terms of this contract, the
contract structure is as follows:

Schedule A DDT&E
Schedule B Production
Schedule C Sustaining Engineering and Operations Support
(End of clause)
(END OF SECTION)
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SECTION G — CONTRACT ADMINISTRATION DATA

G.1 LISTING OF CLAUSES INCORPORATED BY REFERENCE

NOTICE: The following contract clauses pertinent to this section are hereby incorporated by
reference:

I. FEDERAL ACQUISITION REGULATION (48 CFR CHAPTER 1)

CLAUSE
NUMBER DATE TITLE
None

IL.NASA FEDERAL ACQUISITION REGULATION SUPPLEMENT (48 CFR CHAPTER 18)

CLAUSE

NUMBER DATE TITLE

1852.227-70 MAY 2002 NEW TECHNOLOGY

1852.227-86 DEC 1987 COMMERCIAL COMPUTER SOFTWARE--
LICENSING

1852.242-71 DEC 1988 TRAVEL OUTSIDE OF THE UNITED STATES

1852.242-73 JUL 2000 NASA CONTRACTOR FINANCIAL
MANAGEMENT REPORTING

1852.245-70 JUL 1997 CONTRACTOR REQUESTS FOR GOVERNMENT
OWNED EQUIPMENT

1852.245-73 OCT 2003 FINANCIAL REPORTING OF NASA PROPERTY

IN THE CUSTODY OF CONTRACTORS (In
Paragraph b(3), the NASA office for receipt of
NF1018 is: LF631/ Property Accounting and
JB3/Property Administrator, 2101 NASA Parkway,
Houston, TX 77058)

{End of By Reference Section)

G.2 SECURITY/BADGING REQUIREMENTS FOR FOREIGN NATIONAL VISITORS
AND EMPLOYEES/REPRESENTATIVES OF FOREIGN CONTRACTORS. (JSC
52.204-91) (JAN 2006)

(a) Anemployee of a domestic Johnson Space Center (JSC) contractor or its subcontractor who is not
a U.S. citizen (foreign national) may not be admitted to the JSC site for purposes of performing
work without special arrangements. In addition, all employees or representatives of a foreign JSC
contractor/subcontractor may not be admitted to the JSC site without special arrangements. For
employees as described above, advance notice must be given to the Security Office of the host
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(b)

(c)

G.3

(a)

installation [JSC or Whife Sands Test Facility (WSTF)] at least 3 weeks prior to the scheduled
need for access to the site so that instructions on obtaining access may be provided. Contractors
should be aware that approval for access to the site and issuance of a badge may take much longer
than three weeks and sufficient lead time must be allowed to accommodate the approval process.

All visit/badge requests for persons described in (2) above must be entered in the NASA Foreign
National Management System (NFNMS) for acceptance, review, concurrence and approval

- purposes. When an authorized company official requests a JSC or WSTF badge for site access,

he/she is certifying that steps have been taken to ensure that its contractor or subcontractor
employees, visitors, or representatives will not be given access to export-controlled or classified
information for which they are not authorized. The authorized company officials shall serve as
the contractor’s representative(s) in certifying that all visit/badge request forms are processed in
accordance with JSC and WSTF security and export control procedures. No foreign national,
representative, or resident alien contractor/subcontractor employee shall be granted access into
JSC or WSTF until approved and processed through the NFNMS. Unescorted access will not be
granted unless a favorable National Agency Check (NAC) has been completed by the JSC
Security Office, and an approved NASA Foreign National Visitor Security/Technology Control
Plan (STTCP), (previously called the Access Control Plan) has been submitted and approved.

The contractor agrees that it will not employ for the performance of work onsite at the JSC or
WSTF any individuals who are not legally authorized to work in the United States. If the JSC or
WSTF Industrial Security Specialist or the contracting officer has reason to believe that any
employee of the contractor may not be legally authorized to work in the United States and/or on
the contract, the contractor may be required to furnish copies of Form I-9 (Employment Eligibility
Verification), U.S. Department of Labor Application for Alien Employment Certification, and any
other type of employment authorization document.

The contractor agrees to provide the information requested by the JSC or WSTF Security Office
in order to comply with NASA policy directives and guidelines related to foreign visits to NASA
facilities so that (1) the visitor/employee/ representative may be allowed access to JSC or other
NASA Centers for performance of this contract, (2) required investigations can be conducted, and
(3) required annual or revalidation reports can be submitted to NASA Headquarters. All
requested information must be submitted in a timely manner in accordance with instructions
provided by JSC or any other Center to be visited,

(End of clause)

AWARD FEE FOR END ITEM CONTRACTS

The Contractor can earn award fee, or base fee, if any, from a minimum of zero dollars to the
maximum stated in NASA FAR Supplement clause 1852.216-85, "Estimated Cost and Award
Fee" in this contract. All award fee evaluations, with the exception of the last evaluation, will be
interim evaluations. At the last evaluation, which is final, the Contractor's performance for the
entire contract will be evaluated to determine total earned award fee. No award fee or base fee
will be paid to the Contractor if the final award fee evaluation is "poor/unsatisfactory."
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(b)

(©

(d)

G4

(a)

(b)

The Government will evaluate the Contractor's interim performance to monitor performance
prior to contract completion and to provide feedback to the Contractor. The evaluation will be
performed in accordance with Attachment J-7 to this contract. The Contractor may submit a self-
evaluation of performance for each period under consideration. These self-evaluations will be
considered by the Government in its evaluation. The Government will advise the Contractor in
writing of the evaluation results. The plan may be revised unilaterally by the Government prior
to the beginning of any rating period to redirect emphasis.

(1) Base fee, if applicable, will be paid in quarterly installments based on the percent of
completion of the work as determined by the Contracting Officer.

(2) Interim award fee payments will be made to the Contractor based on each interim evaluation.
The amount of the interim award fee payment is limited to the lesser of the interim
evaluation score or 80 percent of the fee allocated to that period less any provisional
payments made during the period. All interim award fee payments will be superseded by the
final award fee determination.

(3) Provisional award fee payments will not be made under this contract pending each interim
evaluation.

(4) All interim (and provisional, if applicable) fee payments will be superseded by the fee
determination made in the final award fee evaluation. The Government will then pay the
Contractor, or the Contractor will refund to the Government the difference between the final
award fee determination and the cumulative interim (and provisional, if applicable) fee
payments. If the final award fee evaluation is "poor/unsatisfactory", any base fee paid will
be refunded to the Government.

(5) Payment of base fee, if applicable, will be made based on submission of an invoice by the
Contractor. Payment of award fee will be made by NASA Accounts Payable based on an
issuance of a unilateral modification by the Contracting Officer.

Award fee determinations are unilateral decisions made solely at the discretion of the
Government.

(End of clause)

SUBMISSION OF YOUCHERS FOR PAYMENT (NASA 1852.216-87) (MAR 1998)

The designated billing office for cost vouchers for purposes of the Prompt Payment clause of this
contract is indicated below. Public vouchers for payment of costs shall include a reference to the
number of this contract.

(1) If the Contractor is authorized to submit interim cost vouchers directly to the NASA
paying office, the original voucher should be submitted to:

NASA Lyndon B. Johnson Space Center
Attn: Mail Code LF231
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(©

(d)

(e)

2101 NASA Parkway
Houston, TX 77058

(2) For any period that the Defense Contract Audit Agency has authorized the Contractor to
submit interim cost vouchers directly to the Government paying office, interim vouchers are not
required to be sent to the Auditor, and are considered to be provisionally approved for payment,
subject to final audit.

(3)  Two copies of vouchers should be submitted as directed by the Contracting Officer.

If the Contractor is not authorized to submit interim cost vouchers directly to the paying office as
described in paragraph (b), the Contractor shall prepare and submit vouchers as follows:

(D) One original Standard Form (SF) 1034, SF 1035, or equivalent Contractor's attachment
to:

Cognizant DCAA/DCMA Office

(2)  Five copies of SF 1034, SF 1035A, or equivalent Contractor's attachment to the following
offices by insertion in the memorandum block of their names and addresses:

(1) Copy 1 NASA Contracting Officer

(ii) Copy 2 Auditor

(1i1)Copy 3 Contractor

(iv)Copy 4 Contract administration office; and
(v) Copy 5 Project management office,

(3)  The Contracting Officer may designate other recipients as required.

Public vouchers for payment of fee shall be prepared similarly to the procedures in paragraphs
(b) or (c) of this clause, whichever is applicable, and be forwarded to:

NASA Lyndon B. Johnson Space Center
BT/Exploration Procurement Office
Attn: Contract Specialist

2101 NASA Parkway

Houston, TX 77058

This is the designated billing office for fee vouchers for purposes of the Prompt Payment clause
of this conftract.

In the event that amounts are withheld from payment in accordance with provisions of this
contract, a separate voucher for the amount withheld will be required before payment for that

amount may be made.

(End of clause)
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GS

G.6

(@)

(b)

G.7

(a)

RESERVED

(End of clause)

DESIGNATION OF NEW TECHNOLOGY REPRESENTATIVE AND PATENT
REPRESENTATIVE (NASA 1852,227-72) (JUL 1997)

For purposes of administration of the clause of this contract entitled "New Technology" or
"Patent Rights -- Retention by the Contractor (Short Form)", whichever is included, the
following named representatives are hereby designated by the Contracting Officer to administer
such clause:

AT/Technology Transfer & Commercialization Office
AL/Patent Representative

NASA Lyndon B. Johnson Space Center

2101 NASA Parkway

Houston, TX 77058

Reports of reportable items, and disclosure of subject inventions, interim reports, final reports,
utilization reports, and other reports required by the clause, as well as any correspondence with
respect to such matters, should be directed to the New Technology Representative unless
transmitted in response to correspondence or request from the Patent Representative. Inquiries
or requests regarding disposition of rights, election of rights, or related matters should be
directed to the Patent Representative. This clause shall be included in any subcontract hereunder
requiring a "New Technology" clause or "Patent Rights--Retention by the Contractor (Short
Form)" clause, unless otherwise authorized or directed by the Contracting Officer. The
respective responsibilities and authorities of the above-named representatives are set forth in
1827.305-370 of the NASA FAR Supplement.

(End of clause)

TECHNICAL DIRECTION (NASA 1852.242-70) (SEPT 1993)

Performance of the work under this contract is subject to the written technical direction of the
Contracting Officer Technical Representative (COTR), who shall be specifically appointed by the
Contracting Officer in writing in accordance with NASA FAR Supplement 1842.270. "Technical
direction" means a directive to the Contractor that approves approaches, solutions, designs, or
refinements; fills in details or otherwise completes the general description of work or
documentation items; shifts emphasis among work areas or tasks; or furnishes similar instruction to
the Contractor. Technical direction includes requiring studies and pursuit of certain lines of
inquiry regarding matters within the general tasks and requirements in Section C of this contract.

(b)The COTR does not have the authority to, and shall not, issue any instruction purporting to be
technical direction that--
(1) Constitutes an assignment of additional work outside the statement of work;
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(2) Constitutes a change as defined in the changes clause;

(3) Constitutes a basis for any increase or decrease in the total estimated contract cost, the fixed fee
(if any), or the time required for contract performance.

(4) Changes any of the expressed terms, conditions, or specifications of the contract; or

(5) Interferes with the Contractor's rights to perform the terms and conditions of the contract.

(c) All technical direction shall be issued in writing by the COTR.

(d) The Contractor shall proceed promptly with the performance of technical direction duly issued by the
COTR in the manner prescribed by this clause and within the COTR's authority. If, in the Contractor's
opinion, any instruction or direction by the COTR falls within any of the categories defined in
paragraph (b) of this clause, the Contractor shall not proceed but shall notify the Contracting Officer in
writing within 5 working days after receiving it and shall request the Contracting Officer to take action
as described in this clause. Upon receiving this notification, the Contracting Officer shall either issue
an appropriate contract modification within a reasonable time or advise the Contractor in writing
within 30 days that the instruction or direction is--

(1) Rescinded in its entirety; or
(2) Within the requirements of the contract and does not constitute a change under the changes clause
of the contract, and that the Contractor should proceed promptly with its performance.

(e) A failure of the Contractor and contracting officer to agree that the instruction or direction is both
within the requirements of the contract and does not constitute a change under the changes clause, or a
failure to agree upon the contract action to be taken with respect to the instruction or direction, shall be
subject to the Disputes clause of this contract.

(D Any action(s) taken by the Contractor in response to any direction given by any person other than the
Contracting Officer or the COTR shall be at the Contractor's risk.

(End of clause)

G.8 IDENTIFICATION OF EMPLOYEES. (JSC 52.242-92) (JAN 2006)

At all times while on Government property, the contractor, subcontractors, their employees and agents
shall wear badges which will be issued by the NASA Badging & Visitor Control Office, located in
Building 110 at the Johnson Space Center (JSC), or at the Main Gate at the White Sands Test Facility
(WSTEF). JSC employee and visitor badges will be issued only between the hours of 6:00 a.m. to 7:30
p-m., Monday through Friday, and 7:00 am to 4:00 pm on Saturday and Sunday. WSTF employee
badges will be issued only between the hours of 8 a.m. to 2 p.m., Monday through Friday. WSTF visitor
badges will be issued on a 7-day a week, 24-hour a day basis. Resident aliens and foreign
nationals/representatives shall be issued green foreign national badges.

Each individual who wears a badge shall be required to sign personally for the badge. The contractor
shall be held accountable for issued badges and all other related items and must assure that they are
returned to the NASA Badging & Visitor Control Offices upon completion of work under the contract in
accordance with Security Management Directive (SMD) 500-15, "Security Termination Procedures."
Failure to comply with the NASA contractor termination procedures upon completion of the work (e.g.,
return of badges, keys, CAA cards, clearance terminations, JSC Public Key Infrastructure (PKI)/special
program deletions, etc.) may result in final payment being delayed.
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(End of clause)

G.9 INSTALLATION-ACCOUNTABLE GOVERNMENT PROPERTY (NFS 1852.245-71)
(Alt 1) (NOV 2004)

(a) The Government property described in the clause at 1852.245-77, G.11 List of Installation-
Accountable Property and Services, shall be made available to the Contractor on a no-charge basis
for use in performance of this contract. This property shall be utilized only within the physical
confines of the NASA installation that provided the property. Under this clause, the Government
retains accountability for, and title to, the property, and the Contractor assumes the following user
responsibilities:

The Contractor shall establish and adhere to a system of written procedures for compliance with these
user responsibilities. Such procedures must include holding employees liable, when appropriate, for loss,
damage, or destruction of Government property.

(b) (1) The official accountable recordkeeping, physical inventory, financial control, and reporting of the
property subject to this clause shall be retained by the Government and accomplished by the
installation Supply and Equipment Management Officer (SEMO) and Financial Management
Officer. If this contract provides for the Contractor to acquire property, title to which will vest in
the Government, the following additional procedures apply:

(i) The Contractor shall not utilize the installation’s central receiving facility for receipt of
Contractor-acquired property. However, the Contractor shall provide listings suitable for
establishing accountable records of all such property received, on a quarterly basis, to the
Contracting Officer and the Supply and Equipment Management Officer.

(i1) The Contractor shall furnish a copy of each purchase order, prior to delivery by the vendor,
to the installation central receiving area:

(1i1) The Contractor shall establish a record of the property as required by FAR 45.5 and 1845.5
and furnish to the Industrial Property Officer a DD Form 1149 Requisition and
Invoice/Shipping Document (or installation equivalent) to transfer accountability to the
Government within 5 working days after receipt of the property by the Contractor. The
Contractor is accountable for all Contractor-acquired property until the property is
transferred to the Government's accountability.

(iv) Contractor use of Government property at an off-site location and off-site subcontractor use
require advance approval of the contracting officer and notification of the SEMO. The
Contractor shall assume accountability and financial reporting responsibility for such
property. The Contractor shall establish records and property control procedures and
maintain the property in accordance with the requirements of FAR Part 45.5 until its return to
the installation.

(2) After transfer of accountability to the Government, the Contractor shall continue to maintain
such internal records as are necessary to execute the user responsibilities identified in paragraph
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(a) and document the acquisition, billing, and disposition of the property. These records and
supporting documentation shall be made available, upon request, to the SEMO and any other
authorized representatives of the contracting officer.

(End of clause)

G.10 LIST OF GOVERNMENT-FURNISHED PROPERTY (NASA 1852.245-76) (OCT 1988)

For performance of work under this contract, the Government will make available Government property

identified in Attachment J-11 of this contract on a no-charge-for-use basis. The Contractor shall use this

property in the performance of this contract. Under the FAR 52.245 Government property clause of this
contract, the Contractor is accountable for the identified property.

(End of clause)

G.11 LIST OF INSTALLATION-ACCOUNTABLE PROPERTY AND SERVICES (NFS
1852.245-77) (JUL 1997)

In accordance with the clause at 1852.245-71, G.9 Installation-Accountable Government Property, the
Contractor is authorized use of the types of property and services listed below, to the extent they are
available, in the performance of this contract within the physical borders of the installation which may
include buildings and space owned or directly leased by NASA in close proximity to the installation, if
so designated by the Contracting Officer.

(a) Office space, work area space, and utilities. Government telephones are available for official
purposes only; pay telephones are available for Contractor employees for unofficial calls.

(b) General- and special-purpose equipment, including office furniture.

(1) Equipment to be made available is listed in Attachment J-10. The Government retains
accountability for this property under the clause at 1852.245-71, G.9 Installation-Accountable
Government Property, regardless of its authorized location.

(2) If the Contractor acquires property, title to which vests in the Government pursuant to other
provisions of this contract, this property also shall become accountable to the Government upon
its entry into Government records as required by the clause at 1852.245-71, G.9 Installation-
Accountable Government Property.

(3) The Contractor shall not bring to the installation for use under this contract any property owned
or leased by the Contractor, or other property that the Contractor is accountable for under any
other Government contract, without the Contracting Officer's prior written approval.

(c) Supplies from stores stock.

(d) Publications and blank forms stocked by the installation.
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(e) Safety and fire protection for Contractor personnel and facilities.
(f) Installation service facilities: See Attachment J-10

(g) Medical treatment of a first-aid nature for Contractor personnel injuries or illnesses sustained during
on-site duty.

(h) Cafeteria privileges for Contractor employees during normal operating hours.
(1) Building maintenance for facilities occupied by Contractor personnel.

(j) Moving and hauling for office moves, movement of large equipment, and delivery of supplies.
Moving services shall be provided on-site, as approved by the Contracting Officer,

(k) The user responsibilities of the Contractor are defined in paragraph (a) of the clause at 1852.245-71,
Installation-Accountable Government Property.

(End of clause)

(END OF SECTION)
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Section H

SECTION H - SPECIAL CONTRACT REQUIREMENTS

H.1 LISTING OF CLAUSES INCORPORATED BY REFERENCE

NOTICE: The following contract clauses pertinent to this section are hereby incorporated by reference:

L FEDERAL ACQUISITION REGULATION (48 CFR CHAPTER 1)

CLAUSE
NUMBER
None

DATE

TITLE

IL NASA FEDERAL ACQUISITION REGULATION SUPPLEMENT (48 CFR CHAPTER

18)

CLAUSE

NUMBER DATE TITLE

1852.208-81 NOV 2004 RESTRICTIONS ON PRINTING AND
DUPLICATING

1852.223-70 APR 2002 SAFETY AND HEALTH

1852.223-75 FEB 2002 MAJOR BREACH OF SAFETY OR SECURITY

1852.223-76 JUL 2003 FEDERAL AUTOMOTIVE STATISTICAL TOOL
REPORTING

1852.225-70 FEB 2000 EXPORT LICENSES (Insert “NASA facilities” in
paragraph (b))

1852.228-76 DEC 1994 CROSS WAIVER OF LIABILITY FOR SPACE
STATION ACTIVITIES

1852.242-72 AUG 1992 OBSERVANCE OF LEGAL HOLIDAYS (ALT II)
(NOV 2000) (ALT I)(SEP 1989)

1852.244-70 APR 1985 GEOGRAPHIC PARTICIPATION IN THE
AEROSPACE PROGRAM

1852.246-70 MAR 1997 MISSION CRITICAL SPACE SYSTEM

PERSONNEL RELIABILITY PROGRAM

(End of By Reference Section)

H.2 REPRESENTATION, CERTIFICATION, AND OTHER STATEMENTS (JSC

52.209-90) (SEP 1988)

This contract incorporates Section K, Representations, Certifications, and Other Statements of
Offerors, as set forth in the Contractor's proposal number P06-460570 dated_21 July 2006_by
reference, with the same force and effect as if it were given in full text.

(End of clause)
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H.3 SPECIAL PROVISION FOR CONTRACT CHANGES

The parties agree that, notwithstanding the provisions of the “Changes” clause and the “Government
Property” clause, no change made pursuant to the “Changes” clause shall give rise to an equitable
adjustment in the estimated cost or fee or any other contract provision when said change causes an
increase or decrease of $1,000,000 or less in the estimated cost of this contract. Each change shall be
controlling in making this determination, and such change shall not, for purposes of determining the
applicability of this clause, be added to any other change(s). The parties recognize that several changes
may be grouped together in a bilateral modification for definitization; however, the dollar value of each
individual change will be controlling in determining whether or not an equitable adjustment is in order.

(End of clause)
H4 SUBCONTRACTING WITH RUSSIAN ENTITIES FOR GOODS OR SERVICES

(a) Definitions: In this provision:
1) The term “Russian entities” includes the following:

(1) The Russian Federal Space Agency (Roscosmos),
(2) Any organization or entity under the jurisdiction or control of Roscosmos, or
(3) Any other organization, entity, or element of the Government of the Russian Federation.

ii) The term “Organization or entity under the jurisdiction or control of Roscosmos” means an
organization or entity that:

(1) Was made part of the Russian Federal Space Agency upon its establishment on February 25
1992;

(2) Was transferred to the Russian Federal Space Agency by decree of the Russian Government
on July 25, 1994, or May 12, 1998;

(3) Was or is transferred to the Russian Aviation and Space Agency or Russian Federal Space
Agency by decree of the Russian Government at any other time before, on, or after March
14, 2000; or

(4) Is a joint stock company in which the Russian Aviation and Space Agency or Russian
Federal Space Agency has at any time held controlling interest.

3

iii) The term “extraordinary payments” means payments in cash or in kind made or to be made by
the United States Government prior to January 1, 2012, for work to be performed or services to be
rendered prior to that date necessary to meet United States obligations under the Agreement
Concerning Cooperation on the Civil International Space Station, with annex, signed at
Washington January 29, 1998, and entered into force March 27, 2001, or any protocol,
agreement, memorandum of understanding, or contract related thereto.

(b) This clause implements the Iran and Syria Nonproliferation Act (the Iran Nonproliferation Act as
amended by the Iran Nonproliferation Amendments Act of 2005) to allow extraordinary payments
prior to January 1, 2012 to Russian entities in connection with the International Space Station.
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NASA has applied the restrictions in the Act to include funding of Russian entities via U.S.
contractors.

(c) (1) The Contractor shall not subcontract with Russian entities without first receiving written approval
from the Contracting Officer. In order to obtain this written approval to subcontract with any
Russian entity as defined in paragraphs (a), the Contractor shall provide the Contracting Officer with
the following information related to each planned new subcontract and any change to an existing
subcontract with entities that fit the description in paragraphs (a):

(1) A detailed description of the subcontracting entity, including its name, address, and a point of
contact, as well as a detailed description of the proposed subcontract including the specific
purpose of payments that will made under the subcontract.

(2) The contractor shall provide certification that the subcontracting entity is not on any of the
denied parties, specially designated nationals and entities of concern lists found at:
http://www.hq.nasa.gov/office/oer/nasaecp/Welcome.html

Denied Parties, Specially Designated Nationals and Entities of Concern

BIS's Listing of Entities of Concern vrato

BIS's List of Denied Parties vedare

Debarred Parties Listing

OFAC's List of Specially Designated Nationals (ddobe PDF format)
List of Unverified Persons in Foreign Countries vg#so

(i1) Unless relief is granted by the Contracting Officer, the information necessary to obtain approval
to subcontract shall be provided to the Contracting Officer 30 business days prior to executing
any planned subcontract with entities defined in paragraph (a).

(d) After receiving approval to subcontract, the contractor shall provide the Contracting Officer with a
report every six-months which documents the individual extraordinary payments made to an entity
in paragraph a. The reports are due on July 15® and January 15", The July 15™ report should
document all of the individual extraordinary payments made from the previous January through
June. The January 15™ report should document all of the individual extraordinary payments made
from the previous July through December. The content of the report shall provide the following
information for each time an extraordinary payment is made to an entity in paragraph a:

(1) The name of the entity

(ii) The subcontract number
(iii) The amount of the payment
(iv) The date of the payment

(¢) The Contracting Officer may direct the Contractor to provide additional information for any other
prospective or existing subcontract at any tier. The Contracting Officer may direct the Contractor to
terminate for the convenience of the government any subcontract at any tier with an entity described
in paragraphs (a), subject to an equitable adjustment.

Schedule A, Section H
Page 3 of 14




NNJ06TA25C (Schedule A) Section H
Crew Exploration Vehicle — (CEV)

(f) Notwithstanding FAR 52.216-7, “Allowable Cost and Payments,” on or after January 1, 2012 the
contractor shall be responsible to make payments to entities defined in paragraphs (a) of this
provision. Any subcontract with entities defined in paragraph (a), therefore, should be completed in
sufficient time to permit the U.S. Government to make extraordinary payments on subcontracts with
Russian entities on or before December 31, 2011.

(g) The Contractor shall include the substance of this clause in all its subcontracts, and shall require
such inclusion in all other subcontracts of any tier. The Contractor shall be responsible to obtain

written approval from the Contracting Officer to enter into any tier subcontract that involves entities
defined in paragraph (a).

(End of clause)

H.5 COMPLIANCE WITH APPLICABLE CENTER POLICIES AND PROCEDURES

Contractor and subcontractor personnel (regardless of tier) working on-site at NASA Centers shall
comply with all applicable center policies and procedures. The Contractor shall keep itself and
pertinent subcontractors up-to-date with the latest revisions of these policies and procedures. The
Contractor shall promptly take corrective action upon receipt of notice from the Contracting Officer
of noncompliance with any applicable center policy or procedure.

(End of clause)

H.6 MODIFIED DATA RIGHTS

The following data items are authorized to use the following modified Limited Rights Notice and
Rectricted Rights Notice (FAR 52.227-14)
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Restricted Rights Notice (June 1987) (Modified)

(a) This computer software is submitted with restricted rights under Government Contract No.
(and subcontract , 1f appropriate). It may not be used, reproduced, or disclosed by the
Government except as provided in paragraph (b) of this Notice or as otherwise expressly stated in the

contract.
(b) This computer software may be-

(1) Used or copied for use in or with the computer or computers for which it was acquired, including use
at any Government installation to which such computer or computers may be transferred;
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(2) Used or copied for use in a backup computer if any computer for which it was acquired is
inoperative;

(3) Reserved.

(4) Modified, adapted, or combined with other computer software, provided that the modified,
combined, or adapted portions of the derivative software incorporating restricted computer software are
made subject to the same restricted rights;

(5) Disclosed to and reproduced for use by Government personnel and Government support service
Contractors on a need to know basis in accordance with paragraphs (b)(1) through (4) of this clause,
provided the Government makes such disclosure or reproduction subject to these restricted rights and the
Contracting Officer identifies the Government Support Contractors, thus allowing the Contractor and
Support Contractor to execute separate non-disclosure agreements (NDA) or No-Cost License
Agreements, if applicable. If applicable, these separate agreements will be between the Contracting
Companies and not incorporated into this Government Contract; and

(6) Used or copied for use in or transferred to a replacement computer.

(c) Notwithstanding the foregoing, if this computer software is published copyrighted computer
software, it is licensed to the Government, without disclosure prohibitions, with the minimum rights set
forth in paragraph (b) of this clause.

(d) Any other rights or limitations regarding the use, duplication, or disclosure of this computer software
are to be expressly stated in, or incorporated in, the contract.

(e) This Notice shall be marked on any reproduction of this computer software, in whole or in part.

(End of notice)

H.7 INDEMNIFICATION FOR UNUSUALLY HAZARDOUS RISKS

a)  The Government recognizes that the Contractor's approach to fulfill the requirements of this
contract might involve conditions considered to constitute unusually hazardous risks resulting in potential
third party liability exceeding insurance coverage the Contractor could reasonably be expected to purchase
and maintain, considering the availability, cost, and terms and conditions of such insurance. In the event
the Contractor believes such conditions exist and necessitate indemnification by the Government,-the
Contractor shall provide documentation and rationale adequate to substantiate processing of such requests
in accordance with applicable laws and regulations. The Contractor shall furnish the information required
in accordance with FAR 50.403-1 and NASA FAR Supplement 1850.403. Reference to these FAR and
NASA FAR Supplement sections is not an indication that NASA has determined indemnification to be
applicable. The Contractor’s request for indemnification must explain under what authority NASA can
provide indemnification for unusually hazardous risks associated with performance of the contract. In
addition to identifying a sufficient legal basis for indemnification, the Contractor’s request for
indemnification also must substantiate a sufficient factual basis for indemnification by explaining
specifically what work under the contract poses unusually hazardous risks.

Schedule A, Section H
Page 7 of 14




NNJ06TA25C (Schedule A) Section H
Crew Exploration Vehicle — (CEV)

b)  The Government will consider a request for indemnification for unusually hazardous risks in
accordance with the foregoing paragraph. In the event the Government denies the Contractor’s request for
indemnification, the parties will enter into good faith negotiations to determine the appropriate course of
action concerning potential third party liability.

(End of clause)
H.8 RESERVED
(End of clause)
H.9 RESERVED
(End of clause)

H.10 PATENT RIGHTS

This contract includes the New Technology Clause 1852.227-70. It is anticipated that the Contractor
may have Contractor background inventions that could be applied to Contract research and incorporated
into deliverables under the Contract. The Government may need rights to use such Contractor
background inventions in order to practice technologies produced under this Contract in other
Government contracts. Thus, Contracting Officer permission is required before Contractor background
inventions may be included in Contract deliverables. To the extent a Contractor background invention
has been Federally funded, the Government will receive its government-purpose license rights to
practice the background invention. Where there is no Federal funding of the background invention, the
Contractor will identify to the Contracting Officer the rights that it proposes to grant the Government to
use such invention in other Government contracts. The Government shall receive a government-purpose
license to practice any Contractor background invention where such Contracting Officer permission is
not obtained prior to incorporating its background inventions into Contractor work. This clause or a
clause substantially the same shall be included in all subcontracts at any tier.

(End of clause)

H.11 TASK ORDERING PROCEDURE (NFS 1852.216-80) (OCT 1996)

(a) Only the Contracting Officer may issue task orders to the Contractor, providing specific
authorization or direction to perform work within the scope of the contract and as specified in the
schedule. The Contractor may incur costs under this contract in performance of task orders and
task order modifications issued in accordance with this clause. No other costs are authorized
unless otherwise specified in the contract or expressly authorized by the Contracting Officer.

(b) Prior to issuing a task order, the Contracting Officer shall provide the Contractor with the
following data:
1) A functional description of the work identifying the objectives or results desired from the
contemplated task order.
2) Proposed performance standards to be used as criteria for determining whether the work
requirements have been met.
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3) Arequest for a task plan from the Contractor to include the technical approach, period of
performance, appropriate cost information, and any other information required to
determine the reasonableness of the Contractor's proposal.

(c) Within _30  calendar days after receipt of the Contracting Officer's request, the Contractor
shall submit a task plan conforming to the request.

(d)  After review and any necessary discussions, the Contracting Officer may issue a task order to the
Contractor containing, as a minimum, the following:

(1) Date of the order.
(2) Contract number and order number.
(3) Functional description of the work identifying the objectives or results desired from the
(3) Functional description of the work identifying the objectives or results desired from the
task order, including special instructions or other information necessary for performance of
the task.
(4) Performance standards, and where appropriate, quality assurance standards.
(5) Maximum dollar amount authorized (cost and fee or price). This includes allocation of
award fee among award fee periods, if applicable,
(6) Any other resources (travel, materials, equipment, facilities, etc.) authorized.
(7) Delivery/performance schedule including start and end dates.
(8) If contract funding is by individual task order, accounting and appropriation data.

(e) The Contractor shall provide acknowledgment of receipt to the Contracting Officer within 5
calendar days after receipt of the task order.

() If time constraints do not permit issuance of a fully defined task order in accordance with the
procedures described in paragraphs (a) through (d), a task order which includes a ceiling price
may be issued.

(g) The Contracting Officer may amend tasks in the same manner in which they were issued.

(h) In the event of a conflict between the requirements of the task order and the Contractor's
approved task plan, the task order shall prevail.

(End of clause)

H.12 ELECTRONIC DATA ACCESS

The Contractor shall implement and maintain an Electronic Data Access (EDA) with the
Government utilizing web-enabled technology at the Unclassified, For Official Use Only (FOUO),
and Contractor Proprietary levels during the CEV Phase 2 contract. The EDA shall establish and
maintain the capability for access to the contracting management information system, working data,
including subcontractor data, developed to support the management and engineering efforts of the
project. The Government will provide a list of authorized personnel for full electronic access to the
Contractor's database after contract award. The Contractor's database shall be compatible with
typical Government PC-based systems using the MS Office 2000 suite of applications (e.g. Word,
Excel, PowerPoint, and Project) as well as Adobe Acrobat 7.0. The Contractor shall establish the
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aforementioned EDA system capable of fully supporting government access information within
thirty (30) calendar days of contract start.

(End of clause)

H.13 SPACE FLIGHT MOTIVATION AWARENESS PROGRAM

The Contractor shall establish a program for Space Flight Awareness (SFA). The Program’s goals and
objectives are to:

¢ Ensure every employee involved in human space flight is aware of the importance of their role in
promoting safety, quality and mission success.

¢ Participation in NASA-Industry Space Flight Awareness Program.

e Increase awareness of the Human Space Flight Program accomplishments, milestones and
objectives with a focus on safety and mission success.

e Conduct events and products that motivate and recognize the workforce, and enhance employee
morale.

e Function as an internal communications team to disseminate key educational,
program/management safety, quality, and mission success messages and themes.

(End of clause)

H.14 SMALL BUSINESS SUBCONTRACTING GOALS

In meeting the intent of Small /Disadvantaged business participation under this contract, the Contractor
agrees to flow down to all first-tier large business subcontractors, as percentages (with corresponding
dollar amounts) of their total contract value the same socioeconomic goals agreed to under the prime
Contractor subcontracting plan. The Contractor agrees to flow down the goals to other tier large
business subcontractors.

(End of clause)

H.15 SUBCONTRACTOR SMALIL BUSINESS REPORTING

Contractor shall require first-tier large business subcontractors to report lower-tier Small Business
Concern subcontracting dollars on a semi-annual basis. This reporting is conducted through the
Electronic Subcontracting Reporting Systems (eSRS) located at http://www.esrs.gov.

(End of clause)

H.16 KEY PERSONNEL AND FACILITIES (NASA 1852.235-71) (MAR 1989)

(a) The personnel and/or facilities listed below (or specified in the contract Schedule) are considered
essential to the work being performed under this contract. Before removing, replacing, or diverting
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any of the listed or specified personnel or facilities, the Contractor shall (1) notify the Contracting
Officer reasonably in advance and (2) submit justification (including proposed substitutions) in
sufficient detail to permit evaluation of the impact on this contract.

(b) The Contractor shall make no diversion without the Contracting Officer's written consent; provided,
that the Contracting Officer may ratity in writing the proposed change, and that ratification shall
constitute the Contracting Officer's consent required by this clause.

(¢) The list of personnel and/or facilities (shown below or as specified in the contract Schedule) may,

+

1+h ¥} i £ +} i i1 1 1 i 5 PRSP FE ST, P Rl T
with the consent of the contracting parties, be amended from time to time during the course of the

contract to add or delete personnel and/or facilities.

NAME TITLE

(End of clause)

H.17 ASSOCIATE CONTRACTOR AGREEMENTS

(a) In order to achieve the requirements of this contract, the Contractor shall establish, in conjunction
with the NASA CEV Project Office, the means for coordination and exchange of information
with associate contractors. The information to be exchanged shall be that required by the
associate contractors in the execution of their respective contract requirements. The associate
contractors contemplated by this clause have not been established at the time of contract award,
but will be added by contract modification to this paragraph as required. The associate
contractors will supply other elements of the Constellation Program, such as a launch vehicle,
earth departure stage, or lunar surface access module.

(b) The Contractor shall document agreements with other associate contractors described in (a)
above via associate contractor agreements. The Government will not be a party in such associate
contractor agreements. A copy of each such agreement shall be provided to the Contracting
Otficer. All costs associated with such agreements are included in the negotiated cost of this
contract.

(¢) The Contractor is not relieved of any contract requirements or entitled to any adjustments to the
contract terms because of the failure to resolve a disagreement with an associate contractor.
Liabulity for the improper disclosure of any proprietary data contained in or referenced by any
agreement shall rest with the parties to the agreement, and not the Government.

(End of clause)
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H.18 DATA DELIVERABLE MARKING REQUIREMENTS FOR EXPORT CONTROL

(a) The Contractor shall perform an export control assessment for all data deliverable items shown in
Attachment J-2, Data Procurement Document.

(b) If a product is determined to contain information controlled by the International Traffic in Arms
Regulations, the following statement shall be included on the product cover page.

International Traffic in Arms Regulations (ITAR) Notice

This document contains information on paragraphs [offeror to list specific pages subject to ITAR
control] falls under the purview of the U.S. Munitions List (USML), as defined in the International
Traffic in Arms Regulations (ITAR), 22 CFR 120-130, and is export controlled. It shall not be
transferred to foreign nationals in the U.S. or abroad, without specific approval of a knowledgeable
NASA export control official, and/or unless an export license/license exemption is obtained/available
from the United States Department of State. Violations of these regulations are punishable by fine,
imprisonment, or both.

(c¢) If a product is determined to contain information controlled by the Export Administration
Regulations and which requires a license or exception prior to export, the following statement shall
be included on the product cover page:

Export Administration Regulations (EAR) Notice

This document contains information on {offeror to list specific pages subject to the EAR] within the
purview of the Export Administration Regulations (EAR), 15 CFR 730-744, and is export controlled. It
may not be transferred to foreign nationals in the U.S. or abroad, without specific approval of a
knowledgeable NASA export control official, and/or unless an export license/license exception is
obtained/available from the Bureau of Industry and Security (BIS), United States Department of
Commerce. Violations of these regulations are punishable by fine, imprisonment, or both.

d) If a product has been determined to be suitable for public release, it shall be so labeled.
(End of clause)
H.19 APPLICATION OF U.S. SPACE TRANSPORTATION POLICY

All effort under this contract shall be consistent with the National Security Presidential Directive/NSPD-
40 (U.S. Space Transportauon Policy.)

{End of clause)

H.20 COMPLIANCE WITH APPLICABLE ELECTRONIC AND INFORMATION
TECHNOLOGY (EIT) POLICIES

The Contractor shall aid the NASA CEV Project office in the preparation of Information Technology
reporting and documentations. The Contractor agrees to produce for the NASA CEV Project Office
documents related to NPR 2810.1, Security of Information Technology. The Contractor further agrees to
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aid NASA in documentation related to OMB circular A-11, Preparation, submission, and Execution of
Budget; OMB A-130, Management of Federal Information; Exhibit 53, List of IT Costs and Budget Items;
and Exhibit 300, capital Asset Plan Reports on Major IT Investments.

(End of clause)

H.21 LIMITATION OF FUTURE CONTRACTING (NFS 1852.209-71) (DEC 1988)

(a) The Contracting Officer has determined that this acquisition may give rise to a potential
organizational conflict of interest. Accordingly, the attention of prospective offerors is invited to
FAR Subpart 9.5--Organizational Conflicts of Interest.

(b) The nature of this conflict is the Contractor may be in a position to favor its own products and
capabilities and may have an unfair competitive advantage.

(c) The restrictions upon future contracting are as follows:

(1) If the Contractor, under the terms of this contract, or through the performance of tasks pursuant
to this contract, is required to develop specifications or statements of work that are to be
incorporated into a solicitation, the Contractor shall be ineligible to perform the work described
in that solicitation as a prime or first-tier subcontractor under an ensuing NASA contract. This
restriction shall remain in effect for a reasonable time, as agreed to by the Contracting Officer
and the Contractor, sufficient to avoid unfair competitive advantage or potential bias (this time
shall in no case be less than the duration of the initial production contract). NASA shall not

unilaterally require the Contractor to prepare such specifications or statements of work under this
contract.

(2) To the extent that the work under this contract requires access to proprietary, business
confidential, or financial data of other companies, and as long as these data remain proprietary or
confidential, the Contractor shall protect these data from unauthorized use and disclosure and
agrees not to use them to compete with those other companies.

(End of clause)

H22 ADVANCE AGREEMENT FOR CONTRACTOR INVESTMENTS

The parties agree that the contract might be partly based on corporate contributions/investment as
specified in the proposal or as negotiated in the contract. Costs related to the Contractor's contributions
or investments shall be reported under the contract as they are incurred, for purposes of tracking the
Contractor's costs as well as the full costs of the project. The Contractor agrees that, should the
Government's requirements change or should all or part of the work under the contract be terminated, all
reported costs as well as unreported costs related to the Contractor's contributions and investment will be
unallowable as part of any contract settlement.

(End of clause)

H.23 RESERVED
(End of clause)
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Section I

PART II - CONTRACT CLAUSES

SECTION I - CONTRACT CLAUSES

1.1 LISTING OF CLAUSES INCORPORATED BY REFERENCE

NOTICE: The following contract clauses pertinent to this section are hereby incorporated by

reference:

I FEDERAL ACQUISITION REGULATION (48 CFR CHAPTER 1)

CLAUSE

NUMBER DATE TITLE

52.202-1 JUL 2004 DEFINITIONS

52.203-3 APR 1984 GRATUITIES

52.203-5 APR 1984 COVENANT AGAINST CONTINGENT FEES

52.203-6 JUL 1995 RESTRICTIONS ON SUBCONTRACTOR SALES TO THE
GOVERNMENT

52.203-7 JUL 1995 ANTI-KICKBACK PROCEDURES

52.203-8 JAN 1997 CANCELLATION, RESCISION, AND RECOVERY OF
FUNDS FOR ILLEGAL OR IMPROPER ACTIVITY

52.203-10 JAN 1997 PRICE OR FEE ADJUSTMENT FOR ILLEGAL OR
IMPROPER ACTIVITY

52.203-12 JUN 2003 LIMITATION ON PAYMENTS TO INFLUENCE CERTAIN
FEDERAL TRANSACTIONS

52.204-2 AUG. 1996 SECURITY REQUIREMENTS

52.204-4 AUG 2000 PRINTING/COPYING DOUBLE SIDED ON RECYCLED
PAPER

52.204-7 OCT 2003 CENTRAL CONTRACTOR REGISTRATION

52.204-9 JAN 2006 PERSONAL IDENTITY VERIFICATION OF CONTRACTOR
PERSONNEL (Please see Attachment J-19 PIV Card Issuance
Procedures)

52.209-6 JAN 2005 PROTECTING THE GOVERNMENT’S INTEREST WHEN
SUBCONTRACTING WITH CONTRAC-TORS DEBARRED,
SUSPENDED, OR PROPOSED FOR DEBARMENT

52.211-5 AUG 2000 MATERIAL REQUIREMENTS

52.211-15 SEPT 1990 DEFENSE PRIORITY AND ALLOCATION REQUESTS

52.215-2 JUNE 1999 AUDIT AND RECORDS--NEGOTIATION

52.215-8 OCT 1997 ORDER OF PRECEDENCE--UNIFORM CONTRACT
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52.215-10

52.215-12
52.215-14
52.215-15
52.215-18

52.215-19
52.215-21

52.216-7
52.219-8
52.219-9

52.219-16

52.219-25

52.222-1
52.222-3
52.222-4

52.222-20
52.222-21
52.222-26
52.222-35

52.222-36

52.222-37

52.222-39

OCT 1997

OCT 1997
OCT 1997
OCT 2004
JUL 2005

OCT 1997
OCT 1997

DEC 2002
MAY 2005
JUL 2005

JAN 1999

OCT 1999

FEB 1997
JUN 2003
JUL 2005

DEC 1996
FEB 1999
APR 2002
DEC 2001
JUN 1998

DEC 2001

DEC 2004

FORMAT

PRICE REDUCTION FOR DEFECTIVE COST OR PRICING
DATA

SUBCONTRACTOR COST OR PRICING DATA
INTEGRITY OF UNIT PRICES
PENSION ADJUSTMENTS AND ASSET REVERSIONS

REVERSION OR ADJUSTMENT OF PLANS FOR
POSTRETIREMENT BENEFITS (PRB) OTHER THAN
PENSIONS

NOTIFICATION OF OWNERSHIP CHANGES

REQUIREMENTS FOR COST OR PRICING DATA OR
INFORMATION OTHER THAN COST OR PRICING
DATA—MODIFICATIONS (ALT II) (OCT 1997) (ALT I1I)
(OCT 1997) Insert (d) Electronic media: Microsoft Office ®

ALLOWABLE COST AND PAYMENT
UTILIZATION OF SMALL BUSINESS CONCERNS

SMALL BUSINESS SUBCONTRACTING PLAN (ALT II)
(OCT 2001)

LIQUIDATED DAMAGES—SUBCONTRACTING PLAN

SMALL DISADVANTAGED BUSINESS PARTICIPATION
PROGRAM- DISADVANTAGED STATUS AND
REPORTING

NOTICE TO THE GOVERNMENT OF LABOR DISPUTES
CONVICT LABOR

CONTRACT WORK HOURS AND SAFETY STANDARDS
ACT-OVERTIME COMPENSATION

WALSH-HEALEY PUBLIC CONTRACTS ACT
PROHIBITION OF SEGREGATED FACILITIES
EQUAL OPPORTUNITY

EQUAL OPPORTUNITY FOR SPECIAL DISABLED
VETERANS, VETERANS OF THE VIETNAM ERA, AND
OTHER ELIGIBLE VETERANS

AFFIRMATIVE ACTION FOR WORKERS WITH
DISABILITIES

EMPLOYMENT REPORTS ON SPECIAL DISABLED
VETERANS, VETERANS OF THE VIETNAM ERA, AND
OTHER ELIGIBLE VETERANS

NOTIFICATION OF EMPLOYEE RIGHTS CONCERNING
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52.223-3

52.223-5

52.223-6
52.223-14
52.224-1
52.225-5
52.225-8
52.225-13
52.227-1
52.227-2

52.227-16
52.227-21

52.228-7
52.230-2
52.230-6
52.232-17
52.232-18
52.232-22
52.232-23
52.232-25
52.232-34

52.233-1
52.233-3
52.233-4
52.237-2

JAN 1997

AUG 2003

MAY 2001
AUG 2003
APR 1984
JAN 2005
FEB 2000
MAR 2005
JUL 1995
AUG 1996

JUN 1987
JAN 1997

MAR 1996
APR 1998
NOV 1999
JUN 1996
APR 1984
APR 1984
JAN 1986
OCT 2003
MAY 1999

JULY 2002
AUG 1996
OCT 2004
APR 1984

PAYMENT OF UNION DUES OR FEES

HAZARDOUS MATERIAL IDENTIFICATION AND
MATERIAL SAFETY DATA (ALT I) (JUL 1995) (Insert
NONE in paragraph b)

POLLUTION PREVENTION AND RIGHT-TO-KNOW
INFORMATION, (ALT I)(AUG 2003), (ALT IT)(AUG 2003)

DRUG-FREE WORKFORCE

TOXIC CHEMICAL RELEASE REPORTING

PRIVACY ACT

TRADE AGREEMENTS

DUTY-FREE ENTRY

RESTRICTIONS ON CERTAIN FOREIGN PURCHASES
AUTHORIZATION AND CONSENT (ALT I) (APR 1984)

NOTICE AND ASSISTANCE REGARDING PATENT AND
COPYRIGHT INFRINGEMENT

ADDITIONAL DATA REQUIREMENTS

TECHNICAL DATA DECLARATION, REVISION, AND
WITHHOLDING OF PAYMENT-MAJOR SYSTEMS (Offeror
to fill in (if appropriate) (b)(1).)

INSURANCE--LIABILITY TO THIRD PERSONS

COST ACCOUNTING STANDARDS

ADMINISTRATION OF COST ACCOUNTING STANDARDS
INTEREST

AVAILABILITY OF FUNDS

LIMITATION OF FUNDS

ASSIGNMENT OF CLAIMS

PROMPT PAYMENT

PAYMENT BY ELECTRONIC FUNDS TRANSFER--OTHER
THAN CENTRAL CONTRACTOR REGISTRATION (Insert in
paragraph (b)(1) “no later than concurrent with the first request
for payment™.)

DISPUTES (ALT I) (DEC 1991)
PROTEST AFTER AWARD (ALT I) (JUN 1985)
APPLICABLE LAW FOR BREACH OF CONTRACT CLAIM

PROTECTION OF GOVERNMENT BUILDINGS,
EQUIPMENT, AND VEGETATION

Schedule A, Section [
Page 3 of 21




NNJ06TA25C (Schedule A)
Crew Exploration Vehicle — (CEV)

Section I

52.242-1
52.242-3
52.242-4

52.242-13
52.243-2
52,243-6
52.243-7
52.244-2

52.244-5
52.244-6
52.245-1
52.245-5

52.245-17
52.245-18
52.246-24

52.247-1
52.247-63
52.248-1
52.249-6
52.249-14
52.251-1
52.251-2

52.253-1

APR 1984
MAY 2001
JAN 1997

JUL 1995

AUG 1987
APR 1984
APR 1984
AUG 1998

DEC 1996
DEC 2004
APR 1984
MAY 2004

MAY 2004
FEB 1993
FEB 1997

APR 1984
JUN 2003
FEB 2000
MAY 2004
APR 1984
APR 1984
JAN 1991

JAN 1991

NOTICE OF INTENT TO DISALLOW COSTS
PENALTIES FOR UNALLOWABLE COSTS
CERTIFICATION OF FINAL INDIRECT COSTS

BANKRUPTCY

CHANGES--COST-REIMBURSEMENT (ALT V) (APR 1984)
CHANGE ORDER ACCOUNTING

NOTIFICATION OF CHANGES

SUBCONTRACTS (ALT I) (MAR 2005) (Insert “All foreign
subcontracts, other subcontracts greater than $50 Million, and
any subcontracts with Limited Data Rights” in paragraph (e) and
insert “none” in paragraph (k))

COMPETITION IN SUBCONTRACTING
SUBCONTRACTS FOR COMMERCIAL ITEMS
PROPERTY RECORDS

GOVERNMENT PROPERTY (COST-REIMBURSEMENT,
TIME-AND-MATERIAL, OR LABOR-HOUR CONTRACTS)
(DEVIATION) (AS MODIFIED BY NASA PIC 04-12) ) (See
attachment J-11) '

SPECIAL TOOLING
SPECIAL TEST EQUIPMENT

LIMITATION OF LIABILITY — HIGH VALUE ITEMS, (ALT
I) (APR 1984)

COMMERCIAL BILL OF LADING NOTATIONS
PREFERENCE FOR U.S.-FLAG AIR CARRIERS
VALUE ENGINEERING

TERMINATION (COST-REIMBURSEMENT)
EXCUSABLE DELAYS

GOVERNMENT SUPPLY SOURCES

INTERAGENCY FLEET MANAGEMENT SYSTEMS
VEHICLES AND RELATED SERVICES

COMPUTER GENERATED FORMS
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IL NASA FAR SUPPLEMENT (48 CFR CHAPTER 18) PROVISIONS

CLAUSE
NUMBER
1852.203-70

1852.216-89
1852.219-74
1852.219-75

1852.219-76
1852.223-74
1852.227-86

1852.227-87

1852.228-75
1852.235-70
1852.237-70
1852.237-72
1852.237-73
1852.242-78

1852.243-71

DATE
JUN 2001

JUL 1997
SEPT 1990
MAY 1999

JUL 1997
MAR 1996
DEC 1987

APR 1989

OCT 1988
FEB 2003
DEC 1988
JUN 2005
JUN 2005
APR 2001

MAR 1997

TITLE
DISPLAY OF INSPECTOR GENERAL HOTLINE
POSTERS

ASSIGNMENT AND RELEASE FORMS
USE OF RURAL AREA SMALL BUSINESSES

SMALL BUSINESS SUBCONTRACTING
REPORTING

NASA 8 PERCENT GOAL
DRUG-AND ALCOHOL-FREE WORKFORCE

COMMERCIAL COMPUTER SOFTWARE--
LICENSING

TRANSFER OF TECHNICAL DATA UNDER

~ SPACE STATION INTERNATIONAL

AGREEMENTS

MINIMUM INSURANCE COVERAGE
CENTER FOR AEROSPACE INFORMATION
EMERGENCY EVACUATION PROCEDURES
ACCESS TO SENSITIVE INFORMATION
RELEASE OF SENSITIVE INFORMATION

EMERGENCY MEDICAL SERVICES AND
EVACUATION

SHARED SAVINGS

(End of By Reference Section)

I.2 APPROVAL OF CONTRACT (FAR 52.204-1) (DEC 1989)

This contract is subject to the written approval of the JSC Procurement Officer and shall not be binding

until so approved.

(End of clause)

L3 SECURITY CLASSIFICATION REQUIREMENTS (1852.204-75) (SEPT 1989)
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Performance under this contract will involve access to and/or generation of classified information, work
in a security area, or both, up to the level of “secret”. See Federal Acquisition Regulation clause 52.204-
2 in this contract and DD Form 254, Contract Security Classification Specification, Attachment J-20.

{(End of clause)

L4 SECURITY REQUIREMENTS FOR UNCLASSIFIED INFORMATION TECHNOLOGY

RESOURCES (NASA 1852.204-76) (NOV 2004)

a) The Contractor shall be responsible for Information Technology security for all systems connected to
a NASA network or operated by the Contractor for NASA, regardless of location. This clause is
applicable to all or any part of the contract that includes information technology resources or services
in which the Contractor must have physical or electronic access to NASA’s sensitive information
contained in unclassified systems that directly support the mission of the Agency. This includes
information technology, hardware, software, and the management, operation, maintenance,
programming, and system administration of computer systems, networks, and telecommunications
systems. Examples of tasks that require security provisions include:

(1) Computer control of spacecraft, satellites, or aircraft or their payloads;

(2) Acquisition, transmission or analysis of data owned by NASA with significant replacement cost
should the Contractor’s copy be corrupted; and

{3) Access to NASA networks or computers at a level beyond that granted the general public, e.g.
bypassing a firewall.

b) The Contractor shall provide, implement, and maintain an IT Security Plan. This plan shall describe
the processes and procedures that will be followed to ensure appropriate security of IT resources that
are developed, processed, or used under this contract. The plan shall describe those parts of the
contract to which this clause applies. The Contractor’s I'T Security Plan shall be compliant with
Federal laws that include, but are not limited to, the Computer Security Act of 1987 (40 U.S.C. 1441
et seq.) and the Government Information Security Reform Act of 2000. The plan shall meet IT
security requirements in accordance with Federal and NASA policies and procedures that include,
but are not limited to:

(1) OMB Circular A-130, Management of Federal Information Resources, Appendix 111, Security of
Federal Automated Information Resources;

(2) NASA Procedures and Guidelines (NPR) 2810.1, Security of Information Technology; and

(3) Chapter 3 of NPR 1620.1, NASA Security Procedural Requirements.

¢) Within 45 calendar days after contract award, the Contractor shall submit for NASA approval an IT
Security Plan. This plan must be consistent with and further detail the approach contained in the
offeror's proposal or sealed bid that resulted in the award of this contract and in compliance with the
requirements stated in this clause. The plan, as approved by the Contracting Officer, shall be
incorporated into the contract as a compliance document.
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d)(1) Contractor personnel requiring privileged access or limited privileged access to systems operated
by the Contractor for NASA or interconnected to a NASA network shall be screened at an
appropriate level in accordance with NPR 2810.1, Section 4.5; NPR 1620.1, Chapter 3; and
paragraph (d)}(2) of this clause. Those Contractor personnel with non-privileged access do not
require personnel screening. NASA shall provide screening using standard personnel screening
National Agency Check (NAC) forms listed in paragraph (d)(3) of this clause, unless Contractor
screening in accordance with paragraph (d)(4) is approved. The Contractor shall submit the required
forms to the NASA Center Chief of Security (CCS) within fourteen (14) days after contract award or
assignment of an individual to a position requiring screening. The forms may be obtained from the

CCS. At the option of the government, interim access may be granted pending completion of the
NAC.

(2) Guidance for selecting the appropriate level of screening is based on the risk of adverse impact to
NASA missions. NASA defines three levels of risk for which screening is required (IT-1 has the
highest level of risk):

(1) IT-1 -- Individuals having privileged access or limited privileged access to systems whose
misuse can cause very serious adverse impact to NASA missions, These systems include, for
example, those that can transmit commands directly modifying the behavior of spacecraft,
satellites or aircraft. ‘

(i1) IT-2 -- Individuals having privileged access or limited privileged access to systems whose
misuse can cause serious adverse impact to NASA missions. These systems include, for
example, those that can transmit commands directly modifying the behavior of payloads on
spacecraft, satellites or aircraft; and those that contain the primary copy of "level 1" data
whose cost to replace exceeds one million dollars.

(iii) IT-3 -- Individuals having privileged access or limited privileged access to systems whose
misuse can cause significant adverse impact to NASA missions. These systems include, for
example, those that interconnect with a NASA network in a way that exceeds access by the
general public, such as bypassing firewalls; and systems operated by the Contractor for
NASA whose function or data has substantial cost to replace, even if these systems are not
interconnected with a NASA network.

(3) Screening for individuals shall employ forms appropriate for the level of risk as follows:
(i) IT-1: Fingerprint Card (FC) 258 and Standard Form (SF) 85P, Questionnaire for Public Trust
Positions;
(i) IT-2: ¥C 258 and SF 85, Questionnaire for Non-Sensitive Positions; and
(iii) IT-3: NASA Form 531, Name Check, and FC 258.

(4) The Contracting Officer may allow the Contractor to conduct its own screening of individuals
requiring privileged access or limited privileged access provided the Contractor can demonstrate
that the procedures used by the Contractor are equivalent to NASA's personnel screening
procedures. As used here, equivalent includes a check for criminal history, as would be

conducted by NASA, and completion of a questionnaire covering the same information as would
be required by NASA.

(5) Screening of Contractor personnel may be waived by the Contracting Officer for those
individuals who have proof of —

Schedule A, Section I
Page 7 0f 21




.

NNJO06TA25C (Schedule A) Section I
Crew Exploration Vehicle — (CEV)

(1) Current or recent national security clearances (within last three years);

(1i) Screening conducted by NASA within last three years; or

(iii) Screening conducted by the Contractor, within last the three years, that is equivalent to the
NASA personnel screening procedures as approved by the Contracting Officer under
paragraph (d )}(4) of this clause.

¢) The Contractor shall ensure that its employees, in performance of the contract, receive annual IT
security training in NASA IT Security policies, procedures, computer ethics, and best practices in
accordance with NPR 2810.1, Section 4.3 requirements. The Contractor may use web-based training
available from NASA to meet this requirement.

f) The Contractor shall afford NASA, including the Office of Inspector General, access to the
Contractor’s and subcontractors’ facilities, installations, operations, documentation, databases and
personnel used in performance of the contract. Access shall be provided to the extent required to
carry out a program of IT inspection, investigation and audit to safeguard against threats and hazards
to the integrity, availability and confidentiality of NASA data or to the function of computer systems
operated on behalf of NASA, and to preserve evidence of computer crime.

g) The Contractor shall incorporate the substance of this clause in all subcontracts that meet the
conditions in paragraph (a) of this clause.

(End of clause)
LS OMBUDSMAN (NASA 1852.215-84) (OCT 2003)

(a) An ombudsman has been appointed to hear and facilitate the resolution of concerns from
offerors, potential offerors, and Contractors during the preaward and postaward phases of this
acquisition. When requested, the ombudsman will maintain strict confidentiality as to the source
of the concern. The existence of the ombudsman is not to diminish the authority of the
contracting officer, the Source Evaluation Board, or the selection official. Further, the
ombudsman does not participate in the evaluation of proposals, the source selection process, or
the adjudication of formal contract disputes. Therefore, before consulting with an ombudsman,
interested parties must first address their concerns, issues, disagreements, and/or
recommendations to the contracting officer for resolution.

ts)) If resolution cannot be made by the contracting officer, interested parties may contact the
installation ombudsman, Randy K. Gish, Attn: Mail Code AC, 2101 NASA Parkway, Houston,
TX 77038, 281-483-0490, facsimile 281-483-2200, email: randy.k.gish@nasa.gov.

(End of clause)

(ALTI) (JUN 2000) (Only applicable to IDIQ Task Orders)

() If this is a task or delivery order contract, the ombudsman shall review complaints from
Contractors and ensure they are afforded a fair opportunity to be considered, consistent with the
procedures of the contract.

(End of clause)
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L6
@)

(b)

(©)

L7

(a)

(b)

(©)

(d)

ORDERING (52.216-18) (OCT 1995) (Only applicable to IDIQ Task Orders

Any supplies and services to be furnished under this contract shall be ordered by issuance of
delivery orders or task orders by the individuals or activities designated in the Schedule. Such
orders may be issued from_ Contract Start Date __ through September 7, 2011

All delivery orders or task orders are subject to the terms and conditions of this contract. In the
event of conflict between a delivery order or task order and this contract, the contract shall
control.

If mailed, a delivery order or task order is considered "issued" when the Government deposits the
order in the mail. Orders may be issued orally, by facsimile, or by electronic commerce methods
only if authorized in the Schedule.

(End of clause)

ORDER LIMITATIONS (52.216-19) (OCT 1995) (Only applicable to IDIQ Task Orders)

Minimum order. When the Government requires supplies or services covered by this contract in
an amount of less than $50,800 the Government is not obligated to purchase, nor is the
Contractor obligated to furnish, those supplies or services under the contract.

Maximum order. The Contractor is not obligated to honor-

(1) Any order for a single item in excess of $750,000,000
(2) Any order for a combination of items in excess of $750,000,000 ; or

(3) A series of orders from the same ordering office within 5 business days that together call for
quantities exceeding the limitation in paragraph (b)(1) or (2) of this section.

If this is a requirements contract (i.e., includes the Requirements clause at subsection 52.216-21
of the Federal Acquisition Regulation (FAR)), the Government is not required to order a part of
any one requirement from the Contractor if that requirement exceeds the maximum-order
limitations in paragraph (b) of this section.

Notwithstanding paragraphs (b) and (c) of this section, the Contractor shall honor any order
exceeding the maximum order limitations in paragraph (b), unless that order (or orders) is
returned to the ordering office within 5 business days after issuance, with written notice stating
the Contractor's intent not to ship the item (or items) called for and the reasons. Upon receiving
this notice, the Government may acquire the supplies or services from another source.

(End of clause)
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L8

(a)

(b)

(©)

(d)

L9

(a)

(b)

INDEFINITE QUANTITY (52.216-22) (OCT 1995) (Only applicable to IDIQ Task Orders)

This is an indefinite-quantity contract for the supplies or services specified, and effective for the
period stated, in the Schedule. The quantities of supplies and services specified in the Schedule
are estimates only and are not purchased by this contract,

Delivery or performance shall be made only as authorized by orders issued in accordance with
the Ordering clause. The Contractor shall furnish to the Government, when and if ordered, the
supplies or services specified in the Schedule up to and including the quantity designated in the
Schedule as the "maximum." The Government shall order at least the quantity of supplies or
services designated in the Schedule as the "minimum."

Except for any limitations on quantities in the Order Limitations clause or in the Schedule, there
is no limit on the number of orders that may be issued. The Government may issue orders
requiring delivery to multiple destinations or performance at multiple locations.

Any order issued during the effective period of this contract and not completed within that period
shall be completed by the Contractor within the time specified in the order. The contract shall
govern the Contractor's and Government's rights and obligations with respect to that order to the
same extent as if the order were completed during the contract's effective period; provided, that
the Contractor shall not be required to make any deliveries beyond 12 months after contract
period of performance identified in ordering period identified in 1.6 “Ordering”.

(End of clause)

PAYMENT FOR OVERTIME PREMIUMS (FAR 52.222-2) (JUL 1990)

The use of overtime is authorized under this contract if the overtime premium does not exceed

$ 0 or the overtime premium is paid for work-

(1)  Necessary to cope with emergencies such as those resulting from accidents, natural
disasters, breakdowns of production equipment, or occasional production bottlenecks of a
sporadic nature;

(2) By indirect-labor employees such as those performing duties in connection with
administration, protection, transportation, maintenance, standby plant protection,
operation of utilities, or accounting;

(3) To perform tests, industrial processes, laboratory procedures, loading or unloading of
transportation conveyances, and operations in flight or afloat that are continuous in nature
and cannot reasonably be interrupted or completed otherwise; or

4) That will result in lower overall costs to the Government.

Any request for estimated overtime premiums that exceeds the amount specified above shall

include all estimated overtime for contract completion and shall-

(1) Identify the work unit; e.g., department or section in which the requested overtime will be
used, together with present workload, staffing, and other data of the affected unit
sufficient to permit the Contracting Officer to evaluate the necessity for the overtime;
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)] Demonstrate the effect that denial of the request will have on the contract delivery or
performance schedule;

3) Identify the extent to which approval of overtime would affect the performance or
payments in connection with other Government contracts, together with identification of
each affected contract; and

(4)  Provide reasons why the required work cannot be performed by using multishift
operations or by employing additional personnel.

(End of clause)

L10 RIGHTS IN DATA-GENERAL (FAR 52.227-14) (JUN 1987) as modified by NASA FAR
Supplement 1852.227-14, includes 52.227-14 ALT II (JUN 1987) (insertion of (g)(2), ALT
1T (JUN 1987) (insertion of (2)(3)(i), and ALT V (JUN 1987) (insertion of (j).

(a) Definitions.

"Computer software," as used in this clause, means computer programs, computer data bases, and
documentation thereof.

"Data," as used in this clause, means recorded information, regardless of form or the media on which it
may be recorded. The term includes technical data and computer software. The term does not include
information incidental to contract administration, such as financial, administrative, cost or pricing, or
management information.

"Form, fit, and function data," as used in this clause, means data relating to items, components, or
processes that are sufficient to enable physical and functional interchangeability, as well as data
identifying source, size, configuration, mating, and attachment characteristics, functional characteristics,
and performance requirements; except that for computer software it means data identifying source,
functional characteristics, and performance requirements but specifically excludes the source code,
algorithm, process, formulae, and flow charts of the software.

"Limited rights," as used in this clause, means the rights of the Government in limited rights data as set
forth in the Limited Rights Notice of paragraph (g)(2) if included in this clause.

"Limited rights data," as used in this clause, means data (other than computer software) that embody
trade secrets or are commercial or financial and confidential or privileged, to the extent that such data
pertain to items, components, or processes developed at private expense, including minor modifications
thereof.

"Restricted computer software," as used in this clause, means computer software developed at private
expense and that is a trade secret; is commercial or financial and is confidential or privileged; or is
published copyrighted computer software, including minor medifications of such computer software.

"Restricted rights," as used in this clause, means the rights of the Government in restricted computer

software, as set forth in a Restricted Rights Notice of paragraph (g)(3) if included in this clause, or as
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otherwise may be provided in a collateral agreement incorporated in and made part of this contract,
including minor modifications of such computer software.

"Technical data," as used in this clause, means data (other than computer software) which are of a
scientific or technical nature.

"Unlimited rights," as used in this clause, means the right of the Government to use, disclose, reproduce,
prepare derivative works, distribute copies to the public, and perform publicly and display publicly, in
any manner and for any purpose, and to have or permit others to do so.

(b) Allocation of rights.

(1) Except as provided in paragraph (c) of this clause regarding copyright, the Government shall
have untimited rights in-

(i) Data first produced in the performance of this contract;
(ii) Form, fit, and function data delivered under this contract;

(iii) Data delivered under this contract (except for restricted computer software) that constitute
manuals or instructional and training material for installation, operation, or routine
maintenance and repair of items, components, or processes delivered or furnished for use
under this contract; and

(iv) All other data delivered under this contract unless provided otherwise for limited rights data
or restricted computer software in accordance with paragraph (g) of this clause.

(2) The Contractor shall have the right to-

(1) Use, release to others, reproduce, distribute, or publish any data first produced or specifically
used by the Contractor in the performance of this contract, unless provided otherwise in
paragraph (d) of this clause;

(ii) Protect from unauthorized disclosure and use those data which are limited rights data or
restricted computer software to the extent provided in paragraph (g) of this clause;

(iii) Substantiate use of, add or correct limited rights, restricted rights, or copyright notices and to
take other appropriate action, in accordance with paragraphs (e) and (f) of this clause; and

(iv) Establish claim to copyright subsisting in data first produced in the performance of this
contract to the extent provided in paragraph (c)(1) of this clause.

(c) Copyright-

(1) Data first produced in the performance of this contract. Unless provided otherwise in paragraph
(d) of this clause, the Contractor may establish, without prior approval of the Contracting
Officer, claim to copyright subsisting in scientific and technical articles based on or containing
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data first produced in the performance of this contract and published in academic, technical or
professional journals, symposia proceedings or similar works. The prior, express written
permission of the Contracting Officer is required to establish claim to copyright subsisting in all
other data first produced in the performance of this contract. When claim to copyright is made,
the Contractor shall affix the applicable copyright notices of 17 U.S.C. 401 or 402 and
acknowledgment of Government sponsorship (including contract number) to the data when such
data are delivered to the Government, as well as when the data are published or deposited for
registration as a published work in the U.S. Copyright Office. For data other than computer
software the Contractor grants to the Government, and others acting on its behalf, a paid-up,
nonexclusive, irrevocable worldwide license in such copyrighted data to reproduce, prepare
derivative works, distribute copies to the public, and perform publicly and display publicly, by or
on behalf of the Government. For computer software, the Contractor grants to the Government
and others acting in its behalf, a paid-up nonexclusive, irrevocable worldwide license in such
copyrighted computer software to reproduce, prepare derivative works, and perform publicly and
display publicly by or on behalf of the Government.

(2) Data not first produced in the performance of this contract. The Contractor shall not, without
prior written permission of the Contracting Officer, incorporate in data delivered under this
contract any data not first produced in the performance of this contract and which contains the
copyright notice of 17 U.S.C. 401 or 402, unless the Contractor identifies such data and grants to
the Government, or acquires on its behalf, a license of the same scope as set forth in paragraph
(c)(1) of this clause; provided, however, that if such data are computer software the Government
shall acquire a copyright license as set forth in paragraph (g)(3) of this clause if included in this
contract or as otherwise may be provided in a collateral agreement incorporated in or made part
of this contract.

(3) Removal of copyright notices. The Government agrees not to remove any copyright notices
placed on data pursuant to this paragraph (c), and to include such notices on all reproductions of
the data.

(d) Release, publication and use of data

(1) The Contractor shall have the right to use, release to others, reproduce, distribute, or publish any
data first produced or specifically used by the Contractor in the performance of this contract,
except to the extent such data may be subject to the Federal export control or national security
laws or regulations, or unless otherwise provided in this paragraph of this clause or expressly set
forth in this contract.

(2) The Contractor agrees that to the extent it receives or is given access to data necessary for the
performance of this contract which contain restrictive markings, the Contractor shall treat the
data in accordance with such markings unless otherwise specifically authorized in writing by the
Contracting Officer.

(e) Unauthorized marking of data.
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’\ (1) Notwithstanding any other provisions of this contract concerning inspection or acceptance, if any

data delivered under this contract are marked with the notices specified in paragraph (g)(2) or
(g)(3) of this clause and use of such is not authorized by this clause, or if such data bears any
other restrictive or limiting markings not authorized by this contract, the Contracting Officer may
at any time either return the data to the Contractor, or cancel or ignore the markings. However,
the following procedures shall apply prior to canceling or ignoring the markings.

(1) The Contracting Officer shall make written inquiry to the Contractor affording the Contractor
30 days from receipt of the inquiry to provide written justification to substantiate the
propriety of the markings;

(i1) If the Contractor fails to respond or fails to provide written justification to substantiate the
propriety of the markings within the 30-day period (or a longer time not exceeding 90 days
approved in writing by the Contracting Officer for good cause shown), the Government shall
have the right to cancel or ignore the markings at any time after said period and the data will
no longer be made subject to any disclosure prohibitions.

(iii) If the Contractor provides written justification to substantiate the propriety of the markings
within the period set in subdivision (¢)(1)(i) of this clause, the Contracting Officer shall
consider such written justification and determine whether or not the markings are to be
cancelled or ignored. If the Contracting Officer determines that the markings are authorized,
the Contractor shall be so notified in writing. If the Contracting Officer determines, with

o concurrence of the head of the contracting activity, that the markings are not authorized, the
Contracting Officer shall furnish the Contractor a written determination, which determination
shall become the final agency decision regarding the appropriateness of the markings unless
the Contractor files suit in a court of competent jurisdiction within 90 days of receipt of the
Contracting Officer's decision. The Government shall continue to abide by the markings
under this subdivision (e)(1)(iii) until final resolution of the matter either by the Contracting
Officer's determination becoming final (in which instance the Government shall thereafter
have the right to cancel or ignore the markings at any time and the data will no longer be
made subject to any disclosure prohibitions), or by final disposition of the matter by court
decision if suit is filed.

(2) The time limits in the procedures set forth in paragraph (e)(1) of this clause may be modified in
accordance with agency regulations implementing the Freedom of Information Act (5 U.S.C.
552) if necessary to respond to a request thereunder.

(3) This paragraph (e) does not apply if this contract is for a major system or for support of a major
system by a civilian agency other than NASA and the U.S. Coast Guard agency subject to the
provisions of Title III of the Federal Property and Administrative Services Act of 1949,

(4) Except to the extent the Government's action occurs as the result of final disposition of the matter
by a court of competent jurisdiction, the Contractor is not precluded by this paragraph (e) from
bringing a claim under the Contract Disputes Act, including pursuant to the Disputes clause of

— this contract, as applicable, that may arise as the result of the Government removing or ignoring

authorized markings on data delivered under this contract,
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{(f) Omitted or incorrect markings.

(1) Data delivered to the Government without either the limited rights or restricted rights notice as
authorized by paragraph (g) of this clause, or the copyright notice required by paragraph (c) of
this clause, shall be deemed to have been furnished with unlimited rights, and the Government
assumes no liability for the disclosure, use, or reproduction of such data, However, to the extent
the data has not been disclosed without restriction outside the Government, the Contractor may
request, within 6 months (or a longer time approved by the Contracting Officer for good cause
shown) after delivery of such data, permission to have notices placed on qualifying data at the
Contractor's expense, and the Contracting Officer may agree to do so if the Contractor-

(1) Identifies the data to which the omitted notice is to be applied;

(11) Demonstrates that the omission of the notice was inadvertent;
(iii) Establishes that the use of the proposed notice is authorized; and

(iv) Acknowledges that the Government has no liability with respect to the disclosure, use, or
reproduction of any such data made prior to the addition of the notice or resulting from the
omission of the notice.

(2) The Contracting Officer may also (i) permit correction at the Contractor's expense of incorrect
notices if the Contractor identifies the data on which correction of the notice is to be made, and
demonstrates that the correct notice is authorized, or (ii) correct any incorrect notices.

(g) Protection of limited rights data and restricted computer software.

(1) When data other than that listed in subdivisions (b)(1)(i), (ii), and (iii) of this clause are specified
to be delivered under this contract and qualify as either limited rights data or restricted computer
software, if the Contractor desires to continue protection of such data, the Contractor shall
withhold such data and not furnish them to the Government under this contract. As a condition to
this withholding, the Contractor shall identify the data being withheld and furnish form, fit, and
function data in lieu thereof, Limited rights data that are formatted as a computer data base for
delivery to the Government are to be treated as limited rights data and not restricted computer
software.

(2) Notwithstanding paragraph (g)(1) of this clause, the contract may identify and specify the
delivery of limited rights data, or the Contracting Officer may require by written request the
delivery of limited rights data that has been withheld or would otherwise be withholdable. If
delivery of such data is so required, the Contractor may affix the following "Limited Rights
Notice" to the data and the Government will thereafter treat the data, subject to the provisions of
paragraphs (e) and (f) of this clause, in accordance with such Notice:
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Limited Rights Notice (June 1987)

(a) These data are submitted with limited rights under Government Contract No. (and
subcontract, if appropriate). These data may be reproduced and used by the Government with
the express limitation that they will not, without written permission of the Contractor, be
used for purposes of manufacture nor disclosed outside the Government; except that the
Government may disclose these data outside the Government for the following purposes, if
any; provided that the Government makes such disclosure subject to prohibition against
further use and disclosure:

(1) Use (except for manufacture) by support service Contractors.
(2) Evaluation by nongovernment evaluators.

(3) Use (except for manufacture) by other Contractors participating in the Government’s
program of which the specific contract is a part, for information and use in connection
with the work performed under each contract.

(4) Emergency repair or overhaul work.

(5) Release to a foreign government, or instrumentality thereof, as the interests of the United
States Government may require, for information or evaluation, or for emergency repair or
overhaul work by such government.

(b) This Notice shall be marked on any reproduction of these data, in whole or in part.
(End of notice)

(3) (i) Notwithstanding paragraph (g)(1) of this clause, the contract may identify and specify the
delivery of restricted computer software, or the Contracting Officer may require by written
request the delivery of restricted computer software that has been withheld or would otherwise
be withholdable. If delivery of such computer software is so required, the Contractor may affix
the following "Restricted Rights Notice" to the computer software and the Government will
thereafter treat the computer software, subject to paragraphs (¢) and (f) of this clause, in
accordance with the Notice:

Restricted Rights Notice (June 1987)

(a) This computer software is submitted with restricted rights under Government Contract No.
(and subcontract, if appropriate). [t may not be used, reproduced, or disclosed by
the Government except as provided in paragraph (b) of this Notice or as otherwise expressly
stated in the contract.

(b) This computer software may be-

(1) Used or copied for use in or with the computer or computers for which it was acquired,
including use at any Government installation to which such computer or computers may
be transferred;
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(2) Used or copied for use in a backup computer if any computer for which it was acquired is
inoperative;

(3) Reproduced for safekeeping (archives) or backup purposes;

(4) Modified, adapted, or combined with other computer software, provided that the
modified, combined, or adapted portions of the derivative software incorporating
restricted computer software are made subject to the same restricted rights;

(5) Disclosed to and reproduced for use by support service Contractors in accordance with
paragraphs (b)(1) through (4) of this clause, provided the Government makes such
disclosure or reproduction subject to these restricted rights; and

(6) Used or copied for use in or transferred to a replacement computer.

(c) Notwithstanding the foregoing, if this computer software is published copyrighted computer
software, it is licensed to the Government, without disclosure prohibitions, with the
minimum rights set forth in paragraph (b) of this clause.

(d) Any other rights or limitations regarding the use, duplication, or disclosure of this computer
software are to be expressly stated in, or incorporated in, the contract.

(e) This Notice shall be marked on any reproduction of this computer software, in whole or in
part.
(End of notice)

(i1} Where it is impractical to include the Restricted Rights Notice on restricted computer
software, the following short-form Notice may be used in lieu thereof:

Restricted Rights Notice Short Form (June 1987)

Use, reproduction, or disclosure is subject to restrictions set forth in Contract No. (and subcontract, if
appropriate) with (name of Contractor and subcontractor).

(End of notice)

(iii) If restricted computer software is-delivered with the copyright notice of 17 U.S.C. 401, it
will be presumed to be published copyrighted computer software licensed to the Government
without disclosure prohibitions, with the minimum rights set forth in paragraph (b) of this
clause, unless the Contractor includes the following statement with such copyright notice:
"Unpublished-rights reserved under the Copyright Laws of the United States."

(h) Subcontracting. The Contractor has the responsibility to obtain from its subcontractors all data and
rights therein necessary to fulfill the Contractor's obligations to the Government under this contract.
If a subcontractor refuses to accept terms affording the Government such rights, the Contractor shall

Schedule A, Section I
Page 17 of 21




NNJO6TA25C (Schedule A) Section 1
Crew Exploration Vehicle — (CEV)

promptly bring such refusal to the attention of the Contracting Officer and not proceed with
subcontract award without further authorization.

(1) Relationship to patents. Nothing contained in this clause shall imply a license to the Government
under any patent or be construed as affecting the scope of any license or other right otherwise
granted to the Government.

(3) The Contractor agrees, except as may be otherwise specified in this contract for specific data items
listed as not subject to this paragraph, that the Contracting Officer or an authorized representative
may, up to three years after acceptance of all items to be delivered under this contract, inspect at the
Contractor's facility any data withheld pursuant to paragraph (g)(1) of this clause, for purposes of
verifying the Contractor's assertion pertaining to the limited rights or restricted rights status of the
data or for evaluating work performance. Where the Contractor whose data are to be inspected
demonstrates to the Contracting Officer that there would be a possible conflict of interest if the
inspection were made by a particular representative, the Contracting Officer shall designate an
alternate inspector.

(End of clause)

L11 RIGHTS TO PROPOSAL DATA (TECHNICAL) (FAR 52.227-23) (JUN 1987)

Except for data contained in Volumes I through VII, including any Addendums, Amendments or
Revisions thereto that are marked with the legend “LOCKHEED MARTIN PROPPRIETARY
INFORMATION? , it is agreed that as a condition of award of this contract, and notwithstanding the
conditions of any notice appearing thereon, the Government shall have unlimited rights (as defined in
the "Rights in Data-General" clause contained in this contract) in and to the technical data contained in
the proposals dated 20 March 2006, 20 April 2006, 21 July 2006 and 28 July 2006 upon which this
contract is based.

(End of clause) -

112 EARNED VALUE MANAGEMENT SYSTEM (MARCH 1999) (Deviation)

(a) In the performance of this contract, the Contractor shall use an earned value management system
(EVMS) that has been recognized by the cognizant Administrative Contracting Officer (ACO) as
complying with the guidelines specified in ANSI/EIA Standard 748, Industry Guidelines for Earned
Value Management Systems.

(b) If, at the time of award, the Contractor's EVMS has not been recognized by the ACO as complying
with the EVMS guidelines, the Contractor shall apply the system to the contract and shall take timely
action to implement its plan to obtain compliance. The Contractor shall follow and implement the
approved compliance plan in a timely fashion. The Government will conduct a Compliance Review to
assess the contactor’s compliance with its plan, and if the Contractor does not follow the approved
implementation schedule or correct all resulting system deficiencies identified as a result of the
compliance review within a reasonable time, the Contracting Officer may take remedial action, that may
include, but is not limited to, a reduction in fee.
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(c) The Government will require integrated baseline reviews. Such reviews shall be scheduled as early
as practicable and should be conducted within 180 calendar days after contract award or exercise of
significant contract options; or within two months after distribution of a supplemental agreement that
implemented a significant funding realignment or effected a significant change in contract requirements.
The objective of IBRs is for the Government and the Contractor to jointly assess the Contractor's
baseline to be used for performance measurement to ensure complete coverage of the statement of work,
logical scheduling of the work activities, adequate resourcing, and identification of inherent risks.

(d) Unless a waiver is granted by the ACO, Contractor proposed EVMS changes require approval of
the ACO prior to implementation. The ACO shall advise the Contractor of the acceptability of such
changes within 30 calendar days after receipt of the notice of proposed changes from the Contractor. If
the advance approval requirements are waived by the ACO, the Contractor shall disclose EVMS
changes to the ACO and provide an information copy to the NASA Contracting Officer at least 14
calendar days prior to the effective date of implementation.

(e) The Contractor agrees to provide access to all pertinent records and data requested by the ACO or a
duly authorized representative. Access is to permit Government surveillance to ensure that the EVMS
complies, and continues to comply, with the criteria referenced in paragraph (a) of this clause.

(f) The Contractor shall be responsible for ensuring that the subcontractors identified below te comply
with the EVMS requirements at the specified level. If the subcontractor does not have an EVMS that
has been recognized by the ACO as compliant with ANSI/EIA 748, the prime contractor shall conduct
Compliance Reviews of subcontractors’ EVMS in the same manner as described at paragraph (b) of this
clause. (Insert list of applicable subcontractors and the level of compliance (i.e., guidelines or
principles).) :

(g) If the contractor identifies a need to deviate from the agreed baseline by working against an Over
Target Baseline or Over Target Schedule, the contractor shall submit to the Contracting Officer a request
for approval to begin implementation of an Over Target Baseline or Over Target Schedule. This request
shall include a top-level projection of cost and/or schedule growth, whether or not performance
variances will be retained, and a schedule of implementation for the rebaselining. The Government will
authorize or deny the request within 30 calendar days after receipt of the request. Failure of the
Government to respond within this 30-day period constitutes approval of the request. For cost-
reimbursement contracts, the contract budget baseline shall exclude changes for cost growth increases,
other than for authorized changes to the contract requirements.

(End of clause)

L13 ENGINEERING CHANGE PROPOSALS (NASA 1852.243-70) (OCT 2001)

(a) Definitions.

"ECP" means an Engineering Change Proposal (ECP), which is a proposed engineering change and the
documentation by which the change is described, justified, and submitted to the procuring activity
for approval or disapproval.
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(b) Either party to the contract may originate ECPs. Implementation of an approved ECP may occur by
either a supplemental agreement or, if appropriate, as a written change order to the contract.

(¢) Any ECP submitted to the Contracting Officer shall include a "not-to-exceed" price increase or
decrease adjustment amount, if any, and the required time of delivery adjustment, if any, acceptable
to the originator of the ECP. If the change is originated within the Government, the Contracting
Officer shall obtain a written agreement with the Contractor regarding the "not-to-exceed" price and
time of delivery adjustments, if any, prior to issuing an order for implementation of the change.

(d) After submission of a Contractor initiated ECP, the contracting officer may require the Contractor to

submit the following information:

(1) Cost or pricing data in accordance with FAR 15.403-5 if the proposed change meets the criteria
for its submission under FAR 15.403-4; or

(2) Information other than cost or pricing data adequate for contracting officer determination of
price reasonableness or cost realism. The contracting officer reserves the right to request
additional information if that provided by the Contractor is considered inadequate for that
purpose. If the Contractor claims applicability of one of the exceptions to submission of cost or
pricing data, it shall cite the exception and provide rationale for its applicability.

(e) If the ECP is initiated by NASA, the contracting officer shall specify the cost information
requirements, if any.

ALTERNATE II
(SEP 1990)

An ECP accepted in accordance with the Changes clause of this contract shall not be considered an
authorization to the Contractor to exceed the estimated cost in the contract Schedule, unless the
estimated cost is increased by the change order or other contract modification.

(End of clause)

I.14 SUBMISSION OF COMMERCIAL TRANSPORTATION BILLS TO THE GENERAL
SERVICES ADMINISTRATION FOR AUDIT (FAR 52.247-67) (JUN 1997)

(a)(1) In accordance with paragraph (a)(2) of this clause, the Contractor shall submit to the General
Services Administration (GSA) for audit, legible copies of all paid freight bills/invoices,
commercial bills of lading (CBL's), passenger coupons, and other supporting documents for
transportation services on which the United States will assume freight charges that were paid-

(i) By the Contractor under a cost-reimbursement contract; and
(11) By a first-tier subcontractor under a cost-reimbursement subcontract hereunder.

(2) Cost-reimbursement Contractors shall only submit for audit those CBL's with freight shipment
charges exceeding $50.00. Bills under $50.00 shall be retained on-site by the Contractor and
made available for GSA on-site audits. This exception only applies to freight shipment bills and
is not intended to apply to bills and invoices for any other transportation services.

(b) The Contractor shall forward copies of paid freight bills/invoices, CBL's, passenger coupons, and
supporting documents as soon as possible following the end of the month, in one package to the:
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General Services Administration
Attn: FWA

1800 F. Street, NW
Washington, DC 20405

The Contractor shall include the paid freight bills/invoices, CBL's, passenger coupons, and
supporting documents for first-tier subcontractors under a cost-reimbursement contract. If the
inclusion of the paid freight bills/invoices, CBL's, passenger coupons, and supporting documents for
any subcontractor in the shipment is not practicable, the documents may be forwarded to GSA in a
separate package.

(c) Any original transportation bills or other documents requested by GSA shall be forwarded promptly
by the Contractor to GSA. The Contractor shall ensure that the name of the contracting agency is
stamped or written on the face of the bill before sending it to GSA.

(d) A statement prepared in duplicate by the Contractor shall accompany each shipment of
transportation documents. GSA will acknowledge receipt of the shipment by signing and returning
the copy of the statement, The statement shall show-

(1) The name and address of the Contractor;

(2) The contract number including any alpha-numeric prefix identifying the contracting office;

(3) The name and address of the contracting office;

(4) The total number of bills submitted with the statement; and

(5) A listing of the respective amounts paid or, in lieu of such listing, an adding machine tape of the
amounts paid showing the Contractor's voucher or check numbers.

(End of clause)
L15 CLAUSES INCORPORATED BY REFERENCE (FAR 52.252-2) (FEB 1998)

This contract incorporates one or more clauses by reference, with the same force and effect as if they
were given in full text. Upon request, the Contracting Officer will make their full text available. Also,
the full text of a clause may be accessed electronically at these addresses:

http://www.arnet.gov/far/

http://www.hq.nasa.gov/office/procurement/regs/nfstoc.htm

(End of clause)
.16 AUTHORIZED DEVIATIONS IN CLAUSES (FAR 52.252-6) (APR 1984)

(a) The use in this solicitation or contract of any Federal Acquisition Regulation (48 CFR Chapter 1)
clause with an authorized deviation is indicated by the addition of "(DEVIATION)" after the date of the
clause.

(b) The use in this solicitation or contract of any NASA (48 CFR Chapter 18) clause with an authorized
deviation is indicated by the addition of "(DEVIATION)" after the name of the regulation.

(End of clause)
(END OF SECTION)
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INTRODUCTION

The Crew Exploration Vehicle (CEV) is the spacecraft that NASA plans to use to send human and
cargo items into space and to return them to earth. The CEV is an element of the overall
Constellation Program that includes launch vehicles, spacecraft, and ground systems needed to
embark on a robust space exploration program. This space exploration program will advance the
Nation's scientific, security, and economic interests.

Scope

The Contractor will develop and certify the CEV System to meet the lunar mission requirements,
where the CEV is used to carry the crew to low earth orbit (LEO) for rendezvous with other
elements for the lunar missions and also serve as the return-to-earth vehicle for the crew. The
Contractor will modify and certify this CEV as required to support ISS mission requirements for
crewed and pressurized cargo configurations The Contractor will deliver the CEV spacecraft
configurations below per requirements in the CXP-10001, System Requirements for the Crew
Exploration Vehicle Element (CEV SRD).

The following more clearly defines the different configuration variants of the CEV Spacecraft:

1. Block 1A is a crewed, pressurized vehicle for Low Earth Orbit (LEO) (including ISS crew
change out) missions. This configuration includes:

s A habitable Crew Module (CM)
* A Service Module (SM)
e A Launch Abort System (LAS) to provide a method for crew abort

e A Spacecrait Adapter (SA) to provide connection to the Crew Launch Vehicle
(CLV)

2. Block 1B is an uninhabited, pressurized vehicle for ISS resupply missions. It uses an SM, an
uninhabited CM, and an SA.

3. Block 2 is a crewed, pressurized vehicle for lunar missions. [t uses a habitable CM, LAS, SM,
and SA to support lunar missions.

Both Constellation Program CXP-00003, Constellation Architecture Common Glossary and
Acronym List, and Attachment J-5, Glossary, provide a detailed listing of terms used in this
Statement of Work.

CEV Implementation Strategy

The CEV implementation strategy requires a detailed implementation schedule to design the
spacecraft, and implement, certify, and deliver it. NASA will work closely with the Contractor to
develop the details of an implementation strategy that maintains the highest standards for safety,
reliability, and mission assurance. Ways that NASA will work closely with the Contractor include
the following: NASA will participate in daily management and design meetings and decisions,
NASA will work with the Contractor on the shop floor during development, NASA will have a rapid
Material Review Board (MRB) process in order to help prevent stop-work conditions, and NASA
will work with the Contractor in the test facilities during integration and test activities. The
purpose of the level of participation is for access to NASA for timely decisions.

NASA will provide the detailed oversight of all spacecraft design activities. However, the
Contractor will retain responsibility for delivery of a design that meets the requirements. The
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detailed process discussion to accomplish this can be found in CXP-12000, NASA CEV Project
Management Plan (PM-0001). Some areas of spacecraft design will be provided by NASA and
NASA will perform independent activities for requirements validation and design certification in
other areas. In these areas NASA will estahlish design requirements teams to integrate the
activities of NASA and the Contractor. The Contractor will participate in and support these design
requirements teams.

The Contractor will deliver a design that ensures simplicity, minimizes life cycle cost and
addresses all aspects of human spacecraft development, production, certification and operations.
The Contractor will design, develop, certify, and deliver the hardware required fo achieve the
lunar mission requirements. Requirements for ISS missions are intended to have minimal impact
to the subsystem and subsystem component designs, but these must also be included in this
effort. The concept is to develop a “common” design for the spacecraft variants, where the
vehicle will meet both Lunar and ISS requirements. The common design and life cycle
approaches will lead to an effective implementation of subsystem and spacecraft deliveries.

The Contractor is expected to develop and verify ISS mission software during Schedule A, but not
lunar mission software. However, lunar mission software requirements must be evaluated to
ensure the command and data handling hardware can accommodate the additional software
required for lunar missions, as well as other mission objectives. NASA strategy includes flight
software sustaining engineering, coupled with vehicle upgrades, to achieve lunar mission
objectives.

NASA will perform the CEV ground, flight, and training operations; design and develop CEV
ground operations facilities, facility systems, and NASA-provided ground support equipment
(GSE); and provide high-fidelity simulators and trainers. Further, NASA will conduct flight testing
to demonstrate vehicle performance characteristics. NASA will lead a joint NASA and Contractor
Combined Test Team (CTT) that consists of representatives from ali participating test
organizations. In support of the NASA operations, risk reduction flight testing, and safety and
mission assurance activities, the Contractor must provide the necessary data products and
expertise as detailed in the SOW.

NASA will use the technical Data Requirements Documents (DRDs) to sustain and operate the
CEV over the life of the Project. It is NASA’s intent to use the technical DRDs to document the
CEV requirements, design, and certification activities.

Contract Structure

To help differentiate the type of activities that comprise the Phase 2 contract, NASA has
developed multiple “schedules.” These include:

1. Schedule A (DDT&E) from 2006-2013. This inciudes production of the first actual flight module
of the 1A and 1B variants, along with other deliverables described in Section 6.5. Schedule A
incorporates both completion form and indefinite delivery, indefinite quantity (IDIQ) paragraphs.
All paragraphs are completion form unless specifically marked as *IDIQ.”

2. Schedule B (Production) from 2009-2019. This includes production of all block variants
following first flight of each specific variant.

3. Schedule C (Sustaining Engineering) from 2009-2019. This includes any new DDT&E effort
required beyond the scope of Schedule A, such as the Block 2 variant.

This statement of work applies to Schedule A only. Descriptions of other contract schedules are
provided for reference only.
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PROJECT MANAGEMENT

The Contractor shall develop, implement and maintain a set of common project management
processes, systems and data deliverables to be utilized for all contract schedules (A, B and C)
throughout the life of the contract.

1.1 Project Management and Administration

An anchoring capability of the Constellation Program is a human-rated CEV that will carry human
crews from Earth into space and back again. Coupled with transfer stages, landing vehicles, and
surface exploration systems, the CEV will serve as an essential component of the architecture
that supports human voyages to ISS, the Moon, and beyond.

a) The Contractor shall design, develop, certify, and deliver the hardware and software required
to achieve the LEO and lunar mission requirements. Requirements for ISS missions (Block
1A and 1B) are intended to have minimal impact to the subsystem and subsystem
component designs, but must also be included in this effort. Block 2 changes are envisioned
to be software only and shall be accomplished under Schedule C.

b) The Contractor should minimize life cycle cost in the design, development, certification, and
delivery of the hardware and software required to achieve the LEO and lunar mission
requirements.

¢) The Contractor shall ensure crew/ground safety while meeting system performance
requirements and achieving mission objectives.

d) The Contractor shall design the CEV System to accommodate all the design reference
missions defined in CXP-00002, Constellation Design Reference Missions (DRM).

e) The Contractor shall design the CEV System to the requirements and terms specified in
CXP-10001, System Reguirements for the Crew Exploration Vehicle Element (CEV SRD).

fy The Contractor shalt implement designs for the CEV spacecraft and ground systems to
achieve efficient and effective operations.

g) The Contractor shall perform to the negotiated cost, schedule, and technical baseline.

h) The Contractor shall support a human flight as close to 2010 as possible, but no later than
2012.

i) The Contractor should maximize the use of existing technology in the design of the CEV,
uniess new technology is required to meet NASA requirements.

j) The Contractor shall base the vehicle design on an open system architecture.

k} The Contractor should qualify components, subsystems, modules, and systems by test, to
the maximum extent possible.

I} The Contractor shall provide a CEV System that shail have a lifecycle that ends no less than
20 years after the first human flight.

1.1.1 Project Management, Systems, Planning and Reporting

a) The Contractor shall implement an organizational structure for the management,
coordination, and control of contract activities including the project's cost, schedule,
performance, risks, contracts, and subcontracts using as guidance ISO 14300-1, Space
Systems - Programme Management - Part 1: Structuring of a Programme. The Contractor
shall develop and implement a project management plan that covers all aspects of project
management for the CEV Project in accordance with DRD CEV-M-001, CEV Prime Project
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Management Plan.’
3 T——

3

Deliverapies

The Contractor shall defiver and maintain the following document(s):

« DRD CEV-M-001: CEV Prime Project Management Plan

1.1.2 Performance Management Reviews and Performance Metrics

a) The Contractor shall conduct quarterly Performance Management Reviews (PMRs) with the
Crew Exploration Vehicle Project Office (CEVPO) in accordance with DRD CEV-M-002,
Performance Assessment Plan, Reports and Management Reviews. The reviews shall
provide insight into the Contractor's, subcontractors', and vendors' overall technical,
schedule, and cost performance and status.

b) The Contractor shall define the metrics, to be approved by government, in accordance with
the DRD CEV-M-002, Performance Assessment Plan, Reports and Management Reviews.
The Contractor shall update the metrics and performance data monthly and make it available
for NASA review in the Contractor's collaborative environment and during working-level
discussions. The Contractor shall present the metrics and performance data at the PMRs.

c) The Contractor shall recommend the technical performance parameters, to be approved by
NASA, in the Performance Assessment Plan. The Contractor shall status the technical
performance parameters quarterly in their Performance Assessment Reports.

d) The Contractor shall report on each SOW and SRD “should” statement at the PMR until the
"shoulds" are satisfactorily accomplished.

Deliverables
The Contractor shall deliver and maintain the following document(s):

+ DRD CEV-M-002: Performance Assessment Plan, Reports and Management Reviews

1.1.3 NASA Integrated Collaborative Environment (ICE)

The NASA Integrated Collaborative Environment (ICE) is the primary means of sharing, reporting,
collecting, recording, and accessing project information between NASA, the CEV Contractor,
subcontractors and authorized Government personnel connected with the CEV Project. ICE
provides secure, real-time collaborative access to a single source of management information,
product information, and technical data. ICE is the principal mechanism for integrating a project's
digital information management environment.

a) The Contractor shall use ICE for delivery of all data.

b) The Contractor shall -use the interactive collaborative configuration management and
document management environments of ICE for configuration management of CEV project
directives and change control activities.

¢} The Contractor shall comply with Attachment J-14, [CE Operating Environment.

d) The Contractor shall implement the ICE interface using one of the two options described in J-
14, ICE Operating Environment, Section il, Data Access Requirements.

e) The Contractor's collaborative environment shall be available within 30 days of contract
award.
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f) The Contractor's collaborative environment shall be updated with the latest status information
based on the Contractor-determined interval(s) and as approved by NASA.

1.1.4 Configuration Management

a) The Contractor shall develop and implement Configuration Management (CM) processes and
systems.

o The Contractor CM process and system shall use MIL-HDBK-61A, Military Handbook
Configuration Management Guidance, as guidance.

o The Contractor's CM process and system shall provide the following: (1) configuration
identification, (2) configuration control, (3) configuration status accounting, and (4)
configuration management verification and audits.

o The Contractor CM plan shall define how the Software Configuration Management Plan
(see DRD CEV-T-006) supports this CM process and system.

o The Contractor shall work with NASA to develop a configuration management process
that also integrates with the Constellation Program and complies with the CXP-02007,
Constellation Nomenclature Plan. The Contractor CM process and system will be
approved by NASA.

b} The Contractor shall integrate the CM system across all CEV project elements including
modeling and simulation, engineering drawing development and release, manufacturing, test
equipment and test articles, operations, and quality, as well as acquisition organizations
including customer and vendor CM systems.

c) The Contractor shall implement and maintain a configuration status accounting system that
provides information defining and maintaining the as-designed and as-built configuration of
the system hardware and software and the status of changes to this configuration.

Deliverables
The Contractor shall deliver and maintain the following document(s):
 DRD CEV-M-003: Configuration Management Plan and Reports

1.1.5 Data Management

a) The Contractor shall develop and implement Data Management (DM) processes and
systems.

o The Contractor's DM process and system shall provide the following: (1) data
identification, (2) data control, (3) data status accounting, and (4) data management
verification and audits.

o The Contractor shall work with NASA to develop a data management process that alsc
integrates with the Consteilation Program and complies with CXP-02007, Constellation
Nomenclature Plan. The Contractor DM process and system will be approved by NASA.

b) The Contractor shall integrate the DM system across all CEV project elements such as
modeling and simulation, engineering drawing development, manufacturing, test equipment
and test articles, operations, and quality, as well as acquisition organizations including
customer and vendor DM systems.

Deliverables
The Contractor shall deliver and maintain the following document(s):
e DRD CEV-M-004: Data Management Plan
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1.1.6 Risk Management

a)

b)

f)

The Contractor shali identify, evaluate, manage, and control the safety, technical, cost, and
schedule-related risks associated with all aspects of the CEV Project in accordance with the
risk management portion of CXP-12000, NASA CEV Project Management Plan (PM-0001).

The Contractor shall provide substantiating data for each risk identified in accordance with
DRD CEV-M-005, Risk Management Plan and Reports.

The Contractor shall substantiate each identified risk in the form of historical information, and
analysis. These analyses and Information may be integrated with Probabilistic Risk
Assessment (PRA) analysis, as appropriately applied to high risk hardware/software
development and operations. Reference S&MA DRD CEV-8-010, Probabilistic Risk
Assessment Results.

The Contractor shall communicate and elevate multi-element and external interface risks to
the CEV Project office for the purpose of multi-element risk integration.

The Contractor shall perform integrated risk analysis, mitigation, tracking/control for the CEV
Project office. This effort is for the purpose of communication of external interface and muiti-
element risk integration data for the Constellation-level risk management process.

The Contractor shall manage risks utilizing a risk management tool. The Confractor shall
integrate their risk management tool with ICE. The NASA CEV project currently uses Active
Risk Manager {ARM) as its enterprise architecture tool for risk management.

Deliverables

The Contractor shall deliver and maintain the following document(s):

DRD CEV-M-005; Risk Management Plan and Reports

1.1.7 Integrated Master Plan (IMP)

a)

b)

The Contractor shall develop and maintain an integrated Master Plan (IMP), as Attachment J-
15 of this contract, that delineates Schedule A, B and C activities.  All changes to the IMP
shall be via bilateral modification.

The Contractor shall manage the execution of the CEV System using the IMP. The
Contractor shall report on contract progress in accordance with the IMP at each PMR.

1.1.8 Integrated Master Schedule (IMS)

a)

b)

The Contractor shall develop, maintain, and provide NASA access to an Integrated Master
Schedule (IMS). The Contractor shall use this schedule for day-to-day management of the
contract tasks. Reference contract Clause H.12, Electronic Data Access.

The Contractor shall create and maintain a schedule that supports automated time phasing of
tasks, and is a resource loaded, predecessor/successor structured, networked schedule, with
critical path identification and schedule assessment capability. The Contractor shall
incorporate delivery schedules for NASA products and data into their IMS and provide an
integrated IMS that reflects the entire CEV project scope.

The Contractor shall maintain and update the IMS to reflect changes in the IMP and deliver it
in accordance with Section 13.1 of DRD CEV-B-003, Cost Performance Report.

The Contractor shall utilize the IMS as the source for schedule data delivered to NASA.
The Contractor shall integrate all risk mitigation activities into the IMS.
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Deliverables

The Contractor shall deliver and maintain the following document(s):

b)

DRD CEV-B-003: Cost Performance Report

g Internal/External Project Review Support
The Contractor shall develop briefing materials and analyses for CEV System meetings with

various internal and external review groups. Examples of these internal and external groups
include the flight technique panels, Aerospace Safety Advisory Panel (ASAP), Inspector
General/Government Accountability Office (IG/GAQ), and cost assessments teams,

The Contractor shall prepare and present various topics, such as CEV Project technical, cost,
and schedule status, specific safety or risk issues, design and development issues, and
responses to external inquiries, as directed by NASA.

1.2 Business Management

1.2.1 Financial Management

Financial Management provides summary-level cost reporting by fund source, Work Breakdown
Structure (WBS), elements of cost and workforce including labor equivalent personnel (EP),
overhead, and other direct and indirect costs.

a)

b)

d)

The Contractor shall develop, defiver, and implement monthly financial management
reporting in accordance with DRD CEV-B-001, Financial Management Report (NASA Form
533).

The Contractor shall provide project-wide data once a year to be used in NASA's budget
planning process (e.g., program operating plan (POP) budget calls). The Contractor shall
provide an annuai Operating Plan (OP) update to that data for the upcoming fiscal year as
requested by NASA. NASA will specify the format and content of the Contractor's inputs and
rationaie.

Upon request by NASA, the Contractor shall provide project-wide budget data a maximum of
three times per year. This data will be used for the purposes of gathering budget impacts for
various re-planning scenarios. NASA will specify the format and content of the Contractor's
inputs and rationale.

The Contractor shall provide property financial reports in accordance with DRD CEV-B-004,
Property Financial Reporting.

Deliverables

The Contractor shall deliver and maintain the following document(s):

DRD CEV-B-001: Financial Management Report (533)
DRD CEV-B-004: Property Financial Reporting
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1.2.2 Workforce Reporting

Workforce Reporting provides workforce information by geographic location.

a) The Contractor shall develop, deliver and implement workforce data in accordance with DRD
CEV-B-002, Workforce Reporting.

Deliverables
The Contractor shall deliver and maintain the following document(s):
¢ DRD CEV-B-002; Workforce Reporting

1.2.3 Reserved

1.24 Integrated Baseline Review (IBR)

a) The Contractor shall perform an Integrated Baseline Review (IBR) with NASA to establish the
contract baseline within ninety (90) calendar days after receiving Authorization To Proceed
(ATP). Subsequent updates may be required by NASA to update the performance
measurement baseline. The IBR shall include the following accomplishment criteria:

o Project organization fully established with cost contrel accounts and organization
members identified, including interfaces and interactions with NASA. Organization and
teaming roles and responsibilities defined.

o Organizational staffing plans in place

o IMS review

o Risk management system and process review

o Metrics baselined

o Earned value management system and process review

b) The Contractor shall ensure the technical contents of work packages and control accounts
are consistent with the scope of work defined in the WBS, SOW and SRD.

¢) The Contractor shail work jointly with NASA to develop and document an integrated
performance measurement baseline. This baseline consists of all contract work including the
integration of GFE.

d) NASA will provide agreedfto specific GFE performance measurement baseline data.

e) The Contractor shall provide a logical, resource-loaded, integrated/interdependent sequence
{(i.e. predecessor/successor network) of tasks supporting the contract schedule.

fy The Contractor shall demonstrate to NASA that metric collection methods are in place to
monitor agreed-to requirements of the contract.

1.2.5 Cost Performance Report

The Cost Performance Report (CPR) will be used to provide information for: (1) integrating cost
and schedule performance data with technical performance measures, {2) assessing the
magnitude and impact of actual and potential problem areas causing significant cost and
schedule variances, and (3) providing valid, timely status information to the CEV Project.

a) The Contractor shall establish, maintain, and use in the performance of this contract, an
integrated earned value management system.
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b} The Coniractor will perform earned value analysis per NFS 1852.242-75, and shall capture,
maintain, and provide NASA access to the earned value analysis data. The earned value
analysis data, at both the cost account and overal! project-level, shall be presented as part of
the quarterly PMR. Reference DRD CEV-M-002, Performance Assessment Plan, Reports
ﬂg Management Reviews.

c) The Contractor shall develop, deliver and implement CPR data in accordance with DRD

CEV-B-003, Cost Performance Report, and shall support informal working-level discussions
on the content.

Deliverables

1.

The Contracior shail deliver and rmaintain the foilowing document(s):

« DRD CEV-B-003: Cost Performance Report

1.2.6 Life Cycle Cost Management

a) The Contractor shall capture, maintain, and provide access to life cycle cost analysis data in
the NASA ICE as it evolves through the project life cycle. Life cycle cost definitions to be
used in the analysis are defined in Attachment J-5, Appendix 1, Life Cycle Cost Analysis.
Life cycle cost analysis data for DDT&E and operability shall be generated and presented at
each major design review (e.g. SDR, PDR, CDR) and at each quarterly PMR. These
presentations shall include the latest LCC estimate, as well as a detailed discussion of the
impact from the current de3|gn design and operations changes smce the last review, and the
rationale for the changes. °

Reference SOW paragraph 2.1.5.a., System xnafySIsﬁ‘
1.3 External Relationships

1.3.1 Associate Contractors

a) The Contractor shall establish cooperative relationships with other Constellation contractors,
defined as associate contractor relationships. Associate relationships are required for
expeditious exchange of management and technical data among Constellation contractors.

1.3.2 NASA Centers

a) The Contractor shail establish cooperative relationships at the NASA centers to provide
support (e.g. technical analyses, data, etc.) or understand NASA GFE and associated data
deliverables (reference SOW paraaranh 6.b). schedyles, interfaces. and interactions.

Project Management Flan.

1.4 Technical Reviews

a) The Confractor shall support the planning and execution of technical integration reviews
conducted by NASA. The Contractor shall support integrated analysis and assessment efforts
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b)

in support of the integration reviews to identify and resolve integration issues with other
Constellation elements, as required.

The reviews conducted by NASA are contained in the Constellation Program Integrated
Master Schedule. Major reviews include, at a minimum, the CEV System Design Review,
Preliminary Design Review, Critical Design Review, System Acceptance Review, Stage
Operations Readiness Review {for missions o the ISS), and Flight Readiness Review. Atall
reviews, the Contractor shall develop and present data and respond to Review ltem
Discrepancies (RIDs) and identified CoFR exceptions.

1.5 Information Technology Management

a)

For IT applications, other than mission-specific software, the Contractor shalil:

o Where cost effective to NASA, use Commercial-Off-The-Shelf (COTS} and existing
Government Off-The-Shelf (GOTS) products.

o Ensure compatibility with existing NASA applications and systems.

o Comply with NASA requirements for NPR 7150.2, NASA Software Engineering
Requirements for the appropriate software classes, limited to classes E, F, and G.

1.6 Reserved

1.7 Special Studies (IDIQ)

a)

The Contractor shall perform special CEV-related studies and analyses as direcied by NASA.
The Contractor shall define the resources required as part of their response to NASA's
request for a task order plan. The trade studies and analyses resulting from special studies
shall also include the impact to system safety and life cycle cost.
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SYSTEMS ENGINEERING AND INTEGRATION

2.1 Crosscutting Systems Engineering and Integration

Development Activities

211 Systems Engineering Management

Systems Engineering Management consists of the efforts to manage the Contractor's systems
engineering and integration activities and to manage the Contractor's participation in NASA-led
Constellation Program systems engineering and integration activities in accordance with NASA
requirements and the Contractor's documented plans.

a)

b)

c}

The Contractor shall manage their systems engineering and integration activities consistent
with CXP-12000, NASA CEV Project Management Plan (PM-0001).

The Contractor shall participate in CEV Project and Constellation Program systems
engineering and integration activities in accordance with CXP-12000, NASA CEV Project
Management Plan (PM-0001). '

The Contractor shall implement plans for managing technical data products, processes and
organizational roles and responsibilities used to accomplish their systems engineering and
integration activities and document their plans in the Contractor's PMP (DRD CEV-M-001,
CEV Prime Project Management Plan).

2.1.2 Integrated Models and Simulations

a)

b)

c)

d)

9)

h)

The Contractor shall develop, implement, deliver and maintain a Modeling and Simulation
Support Ptan in accordance with DRD CEV-T-001, Infegrated Models, Simulations and
Support Plan.

The Contractor shall deliver and maintain models supporting discipline-oriented engineering
analysis and trade studies in accordance with DRD CEV-T-002, CEV Engineering Models.

The Contractor shall deliver and maintain a system architecture model and discrete-event
simulation to evaluate effectiveness and performance of the vehicle design in accordance
with DRD CEV-T-001, /ntegrated Models, Simulations and Support Plan.

The Contractor shall deliver and maintain modular, high-fidelity, time-stepped simulations of
vehicle behavior for avionics hardware and software integration and test in accordance with
the IEEE 1516 (High Level Architecture) standard and DRD CEV-T-001, /nfegrated Models,
Simulations and Support Plan.

The Contractor shall make available to NASA all Contractor-developed design and analysis
tools, models and simulations used in the development of the CEV System, including source
code, in accordance with the Electronic Data Access Clause (H.12).

Every tool, model, and simulation delivery shall be accompanied by a meta-data document in
accordance with CXP-02017, NExJOM Standard for Tool, Model and Simulation Deliveries.

The Contractor shall provide the configuration management data for all technical models and
drawings to the NASA ICE per DRD CEV-M-003, Configuration Management Plan and
Reports.

The Contractor shall deliver all CAD models per DRD CEV-T-003, CEV CAD Models, and
drawings per DRD CEV-T-004, CEV Drawings.

The Contractor shall participate in the NASA Integrated Modeling and Simulation (IM&S)
Working Group. (IDIQ)
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)

k)

The Contractor shall participate in the NASA Exploration Information Ontology Modei
(NEXIOM) Working Group. (IDIQ)

The Contractor shall participate in the NASA Integrated Modeling and Simulation Verification
Validation and Accreditation (VV&A) Working Group described in CXP-02018, Modeling and
Simulation (M&S) Verification and Validation (V&V) Process Plan and Specification. (IDIQ)

The Contractor shall participate in the Verification, Validation and Accreditation process
described in CXP-02018, Modeling and Simulation (M&S) Verification and Validation (V&V)
Process Plan and Specification.

Deliverables

The Contractor shall deliver and maintain the following document(s):

DRD CEV-T-001: Integrated Models, Simulations and Support Plan
DRD CEV-T-002: CEV Engineering Models

DRD CEV-T-003: CEV CAD Models

DRD CEV-T-004: CEV Drawings

2.1.3 Open Architecture

a)

b)

d)

The Contractor shall use a modular, multi-use open systems approach in the design of the
CEV System making the impact to the overall modular, multi-use open systems architecture a
primary consideration in the selection of equipment to meet the CEV design functionality.
This approach shall be reflected in the architecture documented in the Architecture Design
Document (DRD CEV-T-033).

The Contractor shall use a modular, mutli-use open systems approach and analysis of long-
term supportability, interoperability, and growth for future modifications in the fina! selection of
CEV equipment and the integration approach for future Constellation elements and
equipment. :

The Contractor's design shall permit future upgrades and incremental technology insertion to
allow for incorporation of additional or higher performance components with minimal impact
to the existing systems.

The Contractor shall report the resulis of an open systems architecture analysis for modular,
multi-use systems that extends beyond CEV to cther Constellation elements and equipment
in accordance with DRD CEV-T-009, CEV Analysis Reports.

214 Software Engineering

a)

b)

d)

The Contractor shall define, design, develop, test, qualify, integrate, verify, validate, deliver,
and maintain all CEV software. The plans for accomplishing this work shall be documented in
DRD CEV-T-005, Scftware Development Plan.

The Contractor shall justify the reuse of existing software, modification of existing software,
and the development of new sofiware in DRD CEV-T-005, Software Development Plan.

The Contractor shall, under CEV Project direction, participate in coordinating with the NASA
IV&V Facility in accordance with NASA-STD-8739.8, NASA Software Assurance (Chapter 6
and 7) to plan for the participation of the NASA V&V Facility in the software development
lifecycle activities.

The Contractor and its subcontractors' crganizations aésociated with CEV software
development responsibilities shall be at Software Engineering Institute Software Capability
Maturity Model Integration (CMMI) - SE/SW/IPPD Maturity Level Ill (Staged Representation)
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or higher prior to the CEV Preliminary Design Review. This requirement does not apply to
commercial-off-the-shelf software procured for the CEV Project.

e) The Contractor shall develop, update, and maintain all software and software development
tools under configuration management in accordance with the DRD CEV-T-008, Software
Configuration Management Plan.

f) The Contractor shall develop and maintain electronic Software Development Folders for all
flight, ground, and test software per DRD CEV-T-007, Software Development Folder.

g) The Contractor shall use the following guidance document(s) for the development of all
software document deliverables:

o CXP-02009, Constellation Software Classification Matrix (use as guidance in interpreting
flight software classification definitions in NPR 7150.2)

h} The Contractor shali use the following standards for designing, developing, and testing all
software:

o NPR 7150.2 NASA Software Engineering Requirements
o NASA-STD-8739.8, NASA Software Assurance Standard (chapters 6 and 7)
Deliverables
The Contractor shall deliver and maintain the following document(s):
e DRD CEV-T-005: Scftware Development Plan
e DRD CEV-T-006: Software Configuration Management Plan
» DRD CEV-T-007: Software Development Falder

215 System Analysis

a) The Contractor shall identify and conduct trade studies and cost-effectiveness analyses to
ensure realistic options and alternatives are assessed for key CEV System requirements and
design decisions. The assessment of cost shall address all elements of life cycle cost
significantly affected by the matters being traded.

b) The Contractor shall develop and implement a CEV System Analysis Plan. The Contractor
shall deliver the analysis plan per DRD CEV-T-008, CEV System Analysis Plan. The
Contractor shall include the relationship of all analysis cycles and their products to the major
milestones, events, etc. they are to support in the Integrated Master Schedule as part of DRD
CEV-B-003, Cost Performance Report. The Contractor shall report results of the analysis
performed per DRD CEV-T-009, CEV Analysis Reports.

¢) The Contractor shall perform an integrated system performance analysis and provide reports
in accordance with DRD CEV-T-010, System Performance Analysis Report at major
milestone reviews and at intervals prescribed in CXP-12000, NASA CEV Project
Management Plan (PM-0001).

d) The Contractor shall provide the analysis to validate all CEV System requirements through
the lowest level of decomposition and document the validation per DRD CEV-T-009, CEV
Analysis Reports.

Deliverables

The Contractor shall deliver and maintain the following document(s):
» DRD CEV-T-008: CEV System Analysis Plan

e DRD CEV-T-009: CEV Analysis Reports
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DRD CEV-T-010: System Performance Analysis Report

2.1.6 Integrated Logistics Support

a)

b)

c)

d)

g}

h)

The Contractor shall develop, implement and update DRD CEV-T-011, Infegrated Logistics
Support Plan, using the CXP-02011, Constellation Systems Supportability Strategy as
guidance. :

The Contractor shall perform a Logistics Support Analysis (DRD CEV-T-012) in accordance
with the DRD CEV-T-011, Integrated Logistics Support Plan.

The Contractor shall perform iterative design evaluations utilizing the results of on-going
reliability, maintainability, and supportability assessments to identify logistics impacts and
apply these evaluations to the design of the system in order to minimize the identified
logistics impacts.

The Contractor will provide initial flight spares per Section 6.5, Spacecraft Assembly,
Integration, and Production; initial ground support equipment spares per Section 9.2, Ground
Support Equipment; and planning for storage of spares per Section 9.4, Storage. The
Contractor shall participate in the Government-sponsored Provisioning Guidance Conference
and lead CEV Provisioning Conferences.

The Contractor shall develop and maintain a launch site forecast of CEV propellants, fluids,
and gases for the CEV Project life cycle per DRD CEV-T-013, Launch Site CEV Propeliants,
Fluids, and Gases Forecast.

The Contractor shall provide and maintain data to support a Logistics Management System
(LMS) for the tracking and management of equipment, spares, repair parts, supplies,
material, and shipping containers, and identify excess or obsolete assets and initiate
disposal. The LMS applies to both ground-based and space-stored assets.

The Contracter shall develop the capability within the CEV spacecraft to interface/utilize the
LMS for on-board inventory management.

The Contractor shall deliver all supportability data developed and acquired for the design and
manufacturing of CEV spacecraft to support flight hardware and Ground Support Equipment
(GSE) reprocurement, remanufacturing, refurbishment, failure analysis, and repair in
accordance with DRD CEV-T-014, Supporiability Data Package.

The Contractor shall name CEV spacecraft components, assemblies, data products,
applications and operations consistently in accordance with CXP-02007, Constellation
Nomenclature Plan.

Deliverables

The Contractor shall deliver and maintain the following document(s):

DRD CEV-T-011: Integrated Logistics Support Plan

DRD CEV-T-012: Logistics Support Analysis

DRD CEV-T-013: Launch Site CEV Propellants, Fluids, and Gases Forecast
DRD CEV-T-014: Supportability Data Package

2.1.7 Systems Test Verification and Certification

The Contractor shall develop a plan for the verification and certification of the CEV System
(hardware and software) and associated subsystems and components by inspection,
demonstration, analysis, and test in accordance with DRD CEV-T-015, Master Verification Plan.
The plan shall satisfy the requirements of CXP-02005, Constellation Master Verification Plan.
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Certification data packages will be provided for subsystems and components that are provided by
NASA for integration into the CEV System.

a)

b)

c)

d)

9)
h)

)

k)

The Contractor shall develop Certification Plans per DRD CEV-T-016 for CEV equipment and
facilities. The Contractor shall deliver Certification Data Packages per DRD CEV-T-017 and
Certification Approval Requests per DRD CEV-T-018 in preparation for design certification
milestones.

The Contractor shall document the verification method for each CEV System level
requirement and all lower-level requirements in a verification matrix. The matrix will be
included as part of the corresponding specification, requirements, or interface document.

The Contractor shall accomplish qualification of the CEV System and its hardware and
software elements in accordance with CXP-02010, Constellation Environmental Qualification
and Acceptance Testing Requirements (CEQATR) Document. Through rigorous testing, the
Contractor shall confirm that the CEV System can deliver the planned performance over its
expected service life when exposed to levels of stress with qualification margin above that
defined in the predicted non-operating and operating environments and conditions.
Qualification by methods other than test shall be described in the Certification Plan and be
approved by the Government.

The Contractor shall accomplish acceptance testing of each flight hardware item delivered in
accordance with the CXP-02010, Constellation Environmental Qualification and Acceptance
Testing Requirements (CEQATR) Document, including functional testing of each hardware
and software operating mode at the most stressing operating conditions, environmental
testing at the maximum predicted non-operating and operating environments and final
functional testing. '

The Contractor shall define pass—fail criteria or acceptance tolerance bands, based on
requirements.

The Contractor shall plan and conduct integration and interface checkout testing to assure
the assembly has been completed successfully and that hardware and software functional
performance meets requirements. '

The Contractor shall use flight-qualified software during verification testing of all subsystems
and components.

The Contractor shall verify software-controlied interfaces using flight-qualified software.

The Contractor shall conduct systems tests of the fotal spacecraft with the flight-qualified
hardware and software.

The Contractor shall conduct tests of ground-based CEV software/hardware systems that
interface with flight systems using interface test equipment that has been shown to he a valid
emulation of the flight systems before connecting with the flight systems.

The Contractor shall conduct tests using flight-qualified hardware and software for final
acceptance of the ground-based CEV software/hardware systems used tc perform launch
and flight operations.

The Contractor shall include the following types of tests in their program: (1) ground, (2) flight,
(3) development, (4) item, (5) functional, (8) Integration, (7) Hardware-In-the-Loop (HWIL), (8)
Software-In-the-Loop (SIL), (9) Human-in-the-Loop, (10) nonoperating environment, (11)
operating conditions & environment, (12} acceptance, and (13) qualification. The Contractor
shall document the test and verification program in the DRD CEV-T-015, Master Verification
Plan.

Deliverables

The Contractor shall defiver and maintain the following document(s):

CRD CEV-T-015: Master Verification Plan (MVP)
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DRD CEV-T-016: Certification Plans
DRD CEV-T-017: Certification Data Fackage

DRD CEV-T-018: Certification Approval Request

2.1.8 Human Engineering

a}

The Contractor shall participate with NASA in the human engineering of the CEV System as
specified in Section 6, Spacecraft and Section 9, Ground and -Training Systems. Human
engineering processes will be used to ensure crew and ground personnel safety, and
enhance performance, efficiency, productivity, and cost effectiveness throughout the system's
expected life cycle for onboard crew, ground operators, and maintainers,

The Contractor shall perform all human engineering in accordance with CXP-01000,
Constellation Human System Integration Requirements (HSIR) (and associated Children
documents as specified in Attachment J-3, Applicable, Guidance, and Informational
Documents List).

2.1.9 Specialty Engineering

Specialty Engineering applies the crosscutting specialty engineering disciplines of materials and
processes, electromagnetic compatibility, Electrical, Electronic, and Electromechanical (EEE)
parts, and environments to the CEV System.

a) The Contractor shall apply specialty engineering throughout the life cycle of the CEV System.

b) The Contractor's approach to incorporating the engineering specialties into the systems
engineering process and the technical effort required shall be documented in DRD CEV-M-
001, CEV Prime Project Management Plan.

2.1.9.1 Materials and Processes

a) The Contractor shall ensure materials are selected, controlled, implemented and verified to
be consistent with their intended usage envirenments.

by The Contractor shall select, treat, fabricate, inspect, test, and analyze materials of
consiruction to ensure the safety and success of the CEV System.

c¢) The Caontractor shall develop and implement DRD CEV-T-019, Materials and Processes
Selection, implementation, and Controf Plan that tailors the requirements and applicable
documents of JSC-49774A, Standard Manned Spacecraft Requirements for Materials and
Processes, indicating the degree of conformance and method of implementation for each
requirement as well as providing rationale for any requirements altered or not implemented.

d) The Contractor shall develop and implement corona design criteria as guided by MSFC-STD-

531, High Voltage Design Criteria and JPR 80805 E-8 JSC Design and- Procedural
Standard E-6, Corona Suppression.
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e)

The Contractor shall use the following applicable standards for Materials and Processes or
demonstrate use of an equivalent standard:

o IPC/EIA J-STD-001, Performance Class 3 with Space Addendum (Requirements for
Soldered Electrical and Electronic Assemblies)

o IPC-A-610, Acceptability of Electronic Assemblies - Performance Class 3
o JPR 8080.5, E-6, JSC Design and Procedural Standard E-8, Corona Suppression

o JPR 8080.5, E-14, JSC Design and Procedural Standard, E-14, Electrical Wire Harness
Acceptance Testing

o JPR 8080.5, E-24, JSC Design and Procedural Standard, E-24, Electrical Wire and Cable
Acceptance Test

o JSC 49774A, Standard Manned Spacecraft Requirements for Materials and Processes
{and associated Children documents as specified in Attachment J-3, Applicable,
Guidance, and Informational Documents List)

Deliverables

The Contractor shall deliver and maintain the following document(s):

DRD CEV-T-019: Materials and Processes Selection, Implementation, and Centrol Plan
DRD CEV-T-OZO: Materials Usage Agreements (MUA)

DRD CEV-T-021: Contamination Control Plan (CCP)

DRD CEV-T-022: Materials Identification and Usage List (MIUL)

DRD CEV-T-023: Nondestructive Evaluation Plan

DRD CEV-T-024: Corona Design Criteria

2.1.9.2 Electromagnetic Compatibility

a)

b)

c)

d)

The Contractor shall design, develop, verify and deliver a CEV System that is
electromagnetically compatible with internally generated electromagnetic energy, the external
electromagnetic energy environments, and the other elements of the Constellation System
throughout its life cycle.

The Contractor shall develop and implement DRD CEV-T-025, CEV Electromagnetic
Compatibifity (EMC) Conirol and Verification Document to define the plans, processes,
procedures, and test data that the Contractor will use to design, construct, and verify the CEV
System electromagnetic compatibility requirements.

The Contractor shall tailor MIL-STD-461E, Requirements for the Control of Electromagnetic
Interference (EMI) Characteristics of Subsystems and Equipment and MIL-STD-464A,
Electromagnetic Environmental Effects Requirements for Systems, to assist in establishing
the Contractor's documented requirements to meet the overall EMC requirements for CEV.
This tailoring shall be documented in DRD CEV-T-025, CEV Electromagnetic Compatibility
Control and Verification Document.

The Contractor shall develop and design the CEV System to control and mitigate hardware
malfunction and damage throughout its life cycle that can be caused by lightning. The
Contractor's CEV lightning protection effort shall include the Lightning Protection Plan, the
Lightning Verification Plan, and the Lightning Protection Verification Report information
requested in DRD CEV-T-025, CEV Electromagnetic Compatibility Control and Verification
Document.

The CEV Contractor shall participate with NASA and the Constellation Program in
development of Radic Frequency (RF) spectrum management in compliance with the
National Telecommunications and Information Administration (NTIA) Manual of Regulations &
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Procedures for Federal Radio Frequency Management (May 2003 Edition, May 2005
Revisicns), Chapter 10. The Contractor shall provide RF spectrum management
documentation in DRD CEV-T-026, Spectrum Management Documents.

fy The Contractor shall develop and implement an Electrostatic Discharge (ESD) control
program. The Contractor's electrostatic discharge control program and processes shall be
documented in DRD CEV-T-025, CEVY Electromagnetic Compatibility (EMC) Control and
Verification Document. The CEV System shall be constructed and detivered in accordance
with these ESD processes.

g} The Contractor shall design and deliver a CEV System which complies with the requirements
of NASA-STD-4003, Electrical Bonding for NASA Launch Vehicles, Spacecraft, Payloads,
and Flight Equipment. The Contractor's processes for implementing electrical bonding
requirements shall be documented in DRD CEV-T-025, CEV Electromagnetic Compatibility
(EMC) Control and Verification Document.

h) The Contractor shall tailor ML0O303-0014, Electrical Wire Harnesses and Coaxial Cables,
Installation Requirements for Electromagnetic Compatibility; SSP 30240, Space Station
Grounding Requirements; and SSP 30242, Space Station Cable/Wire Design and Control
Requirements for Electromagnetic Compatibility to establish the Contractor's documented
requirements to meet the overall EMC requirements for the CEV System. This tailoring shall
be documented in DRD CEV-T-025,, CEV Electromagnetic Compatibility Confrol and
Verification Document. The CEV System shall be designed, constructed, and delivered in
accordance with the Contractor's wiretharness/cable installation processes.

Deliverables

The Contractor shall deliver and maintain the following document(s):

e DRD CEV-T-025: CEV Electromagnetic Compatibility Control and Verification Document
e DRD CEV-T-026: Spectrum Management Documents

2.1.9.3 Electrical, Electronic, and Electromechanical (EEE) Parts

a) The Contractor shall develop, update, and implement DRD CEV-T-027, Electrical, Electronic,
and Electromechanical Parts Management and Implementation Plan for the CEV System.

b) The Contractor shall use the following applicable standards for EEE Parts:

o JPR 8080.5, E-7, JSC Design and Procedural Standards, Section E-7, Electrical
Components — Restrictions on Use

o JPR 8080.5, E-22, JSC Design and Procedural Standards, Section E-22, |onizing
Radiation Effects

Deliverables
The Contractor shall deliver and maintain the following document(s):

e DRD CEV-T-027. Electrical, Electronic, and Electromechanical Parts Management and
Implementation Plan

e DRD CEV-T-028: As-Built EEE Parts List

2.1.9.4 Environments

a) The Contractor shall design the CEV System for the specific natural environments and
induced environments that the CEV System must operate within and for which the CEV
System must be qualified, encompassing all phases of CEV System production, testing and
operation in all modes through disposal in accordance with CXP-00102, Constellation Design
Specification for Natural Environments (DSNE) (and associated Children documents as
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specified in Attachment J-3, Applicable, Guidance, and Informational Documents List)
utilizing the CXP-05000, Constellation Program Natural Environment Definition for Design
(NEDD). The Contractor shall use the CXP-15002, Crew Exploration Vehicle (CEV)/Crew
Launch Vehicle (CLV) Loads Requirements Data Book for launch vehicle induced loads.

b) The Contractor shall derive, control and validate environment data and analysis models for
the design, certification, and operation of the CEV System, subsystems, and components.

2.1.10 Crew Survival

2.2 External Integration

2.2.1 CEYV to Constellation Program lntegra;‘ion

a) The Contractor shall support NASA in the performance of all work necessary to successfully
integrate the CEV System into the Constellation Program. The external interfaces include:

o Crew Launch Vehicle (CLV)

o Lunar Surface Access Module {(LSAM)

o Earth Departure Stage (EDS);

o Mission Planning, Training, and Flight Operations
o Ground Operations

o Communications and Tracking

o) EVA

Support shall include:

o Coordination of the development, allocation, and implementation of integration
requirements between the CEV System and other Constellation elements.

o Development of the CEV to other Constellation element Externai Interface Control
Documents per DRD CEV-T-029, interface Confrol Documents

o Design, development, test, and evaluation of the interfaces between the CEV System
and other Constellation Program elements and the integrated performance of the CEV
with the other Constellation Program elements for nominal, as well as critical,
contingency design cases including abort design cases as appropriate. NASA will provide
aerodynamic and aerothermodynamic analyses for the CEV while mated to its launch
vehicle and while unmated.. The Contractor shall design the CEV for the resultant
induced structural and thermodynamic loads. The Contractor shall use the CXP-15002,
Crew Expioration Vehicle (CEV)/Crew Launch Vehicle (CLV) Loads Requirements Data
Book for loads analysis of the CEV while mated to its launch vehicle.

b) The Contractor shall perform analyses and tests and provide reports and engineering data
supporting integration and operation of CEV and other Constellation elements such as:
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c)

d)

e)

f)

a)

h)

o Structural models and analyses for static, dynamic and coupled-loads analyses
o Mass properties, dimensions and physical (material, thermal, etc.) propetties

o Rendezvous, proximity operations, and abort mode trigger condition and implementation
assessments

o Integrated compatibility analyses (EMC, RF, etc.)
o Interface and integration drawings and build/test procedures

The reports and engineering data shall be provided in DRD CEV-T-010, System Performance
Analysis Reports.

The Contractor shall develop, deliver, and sustain CEV System functional and physical
interface simulator(s} and emulator(s) in compliance with the relevant Interface Control
Document (ICD) requirements for use by other Constellation projects (including CLV and
LSAM) to produce and evaluate the element interfaces to the CEV. The Contractor shall
include operating instructions for the interface simulator(s) and emulator(s} in the DRD CEV-
T-040, Acceptance Data Package(s) delivered with the simulators and emulators.

The Contractor shall verify the CEV spacecraft with physical and functional simulators and
emulators pricr to integration with the other Constellation elements. The Contractor shall
define requirements for Constellation element-provided physical and functional interface
simulators and emulators. Physical and functional interface simulator and emulator
requirements shall be delivered in accordance with DRD CEV-T-031, CEV <Level>
Requirements Specification and DRD CEV-T-029, /nterface Control Documents for ground
support equipment.

The Contractor shall perform analyses and support integrated assessments in support of
periodic Constellation Program Integration Reviews conducted in conjunction with other
NASA elements as described in DRD CEV-M-001, CEV Prime Project Management Plan.
Analyses and assessments performed in support of Constellation Integration Reviews shall
be documented in accordance with DRD CEV-T-030, CEV/Constellation Integrated
Assessment Document.

The Contractor shall provide/receive various mathematical models, configuration data, and
analytical data necessary to perform integrated assessments and analysis to integrate with
the Constellation Program in accordance with Section 2.1.2, Integrated Models and
Simulations.

The Contractor shall participate with Constellation Program SE&I in the development of
integrated verification plans involving multiple systems across the Constellation Program.

The Contractor shall participate in integrated verification activities involving multiple systems
across the Constellation Program including necessary in-space communication systems in
accordance with CXP-02005, Constellation Master Verification Plan.

The Contractor shall participate with Constellation Operations in the development of
operations plans involving multiple systems across the Constellation Program.

Deliverables

The Contractor shall deliver and maintain the following document(s):

DRD CEV-T-029: Interface Contro! Documents
DRD CEV-T-030; CEV/Constellation Integrated Assessment Document

2,22 CEYV to International Space Station Program Integration

a)

The Contractor shall support NASA in the performance of all work necessary to successfully
integrate the CEV System with the ISS Program. Support shall include:
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o Coordination of the development, allocation, and implementation of integration
requirements between the CEV Systemn and the ISS Program.

o Development of the CEV to ISS External Interface Control Documents per DRD CEV-T-
029, Interface Control Documents

o Design, development, test, and evaluation of the interfaces between the CEV and ISS
and the integrated performance of the CEV with the ISS for nominal as well as critical
contingency design cases.

b) The Contractor shall perform analyses and tests and provide reports and engineering data

supporting integration and operation of CEV and I1SS appropriate to such integration, such as:
o Structural models and analyses for static, dynamic and coupled loads analyses
o Mass properties, dimensions and physical (material, thermal, etc.) properties

o Rendezvous, proximity operations, and abort trigger condition and implementation
assessments

o Integrated compatibility analyses (EMC, RF, etc.)
o Interface and integration drawings and huild/test procedures

The reports and engineering data shall be provided in DRD CEV-T-010, System Performance

c)

d)

e)

f)

9)

Analysis Reports.

The Contractor shall develop, deliver, and sustain functional and physical interface
simulator(s) and emulator(s) in compliance with the relevant ICD requirements for use by the
ISS Program to produce and evaluate 1SS interfaces to the CEV. The Contractor shall
include operating instructions for the interface simulater(s) and emulator(s) in the DRD CEV-
T-040, Acceptance Data Package(s) delivered with the simulators and emulators.

The Contractor shall verify the CEV spacecraft with physical and functional simulators and
emulators prior to integration with the ISS. The Contractor shail define requirements for ISS-
provided physical and functional interface simulators and emulators, Physical and functional
interface simulator and emulator requirements shall be delivered in accordance with DRD
CEV-T-031, CEV <Level> Requirements Specification, and DRD CEV-T-029, Inferface
Control Documents for ground support equipment.

The Contractor shall provide/receive various mathematical models, configuration data, and
analytical data necessary to perform integrated assessments and analysis to integrate with
the ISS Program in accordance with Section 2.1.2, Integrated Models and Simulations.

The Contractor shall participate in the development of integrated verification plans with the
ISS Program. -

The Contractor shall participate in integrated verification activities with the 1SS Program and
in-space communication systems as required in the CXP-01007, International Space Station
{ISS) to Crew Exploration Vehicle (CEV) IRD.

Deliverables

The Contractor shall deliver and maintain the following document(s):

DRD CEV-T-028: Interface Control Documents

2.3 Requirements Definition and Management

a)

The Contractor shall address all life cycle processes including development, manufacturing,
test, distribution, operation, support, training, and dlsposa[ to derive a complete requirements
{functional) baseline and functional architecture.
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b) The Contractor, in conjunction with NASA, shall allocate the CXP-10001, Systems
Requirements for the Crew Exploration Vehicle Element (CEV SRD), and External IRDs to
the Spacecraft and ground support equipment as seen in Figure 1, Specification Tree. The
Contractor shall document the requirements developed from this process in the Spacecraft
<System> Requirements Specification and the Ground Support Equipment <System>
Requirements Specification per DRD CEV-T-031, CEV <Level> Requirements Specification,
and in DRD CEV-T-032, CEV Specification and Drawing Trees.

Attachment J-1
Page 26 of 76




y

RFP —NNJU5111915R

Crew Exploration Vehicle — (CEV)

Aftachment J-1

Human System Integration
Requirements (HSIR)

Figure 1. — CEV Specification Tree

CEV Ground Support

Systems Requirements Document

[ el e il

I CEV-to-External interface
: CEVI/CLV IRD

,—I——i_C|EVI LSAM IRD

1
Equipment (GSE) ;
System Specification |

,  Specification

GSE End Item 1

| GSEEnd ltem 2
i Specification

\  Specification

_____ | R DR N l
ol o e B il
LASCEl | | CM CEf 1t SM CEI ' SA CE!
Specification ! 1 Specification ' | Specification 1 | Specification
___________ e rr =~ — [ SR ———— - ———--
’V Crew Cockpit
Requirements
3
]
t
e L L T T T Uy -
| Subsystem 1 Specification ,
| mmmmemmm e m e e e ————
I " Subsystem 2 Specification H
1 1 1
[} N ———————-— ]
1 AN
:‘ """""""""""""" A
S —— Subsystem N Specification '

: GSE End ltem N

Note: The CEV contractor shall identify and develop component
Integrated GFE component
specifications shall be identified by the CEV contractor and
developed by the GFE provider.

specifications as

required.

CEV/Launch Systems IRD |
L—.I CEV/Mission Systems IRD
CEV/C3I IRD
CEV/SS IRD
CEV/EDS IRD
CEV/LIDS IRD
CEV/APAS IRD

CEV/ICrew Medical/Fitness
Systems [RD

CEV/Suits, EVA, and Crew
Survival Equipment IRD

CEV/FCE and Food
Systems IRDs

NASA Developed

Contracter Developed (Note: The CEV contractor shall identify and
develop all necessary interface specifications for the CEV.

Attachment J-1
Page 27 of 76




\

i

RFP — NNJU5111915R
Crew Exploration Vehicle — (CEV)

Attachrﬁent J-1

Figure 1. — CEV Specification Tree

Human System Integration Systems Reguirements Document

CEV/LSAM IRD

CEV-to-External Interface

Requirements (HSIR)

................ : J
i CEV Ground Support | il R
! Equipment (GSE) h 1 CEV Spacecraft Specification. :
! System Specification | L I_ ___________ H
e T
1 LAS CEI 1 : CMCE! 1 SM CEI :
| Specification ! ! Specification | 1 Specification 1
_____________________ [T ———
aiiiniaiaiiaiaiaiat Crew Cockpit
_; GSEEnd item1 )
1 _ Specification 1 Requirements
| GSEEndltem2 |
1 Specification [ T .
______ NTTTTT L Subsystem 1 Specification !
.\ | rmemeem e e e e e e - ==
------------ ] - S
: GSE End ltem N : —E Subsystem 2 SPECIﬁCaﬂOn E
| Specificaion . lee e memee e o Rmmmmmmmmm 1
L e m e —m—— s \
ey, s -
-———~—-—: Subsystem N Specification '

Note: The CEV contractor shall identify and develop component
specifications as required. Integrated GFE component
specifications shall be identified by the CEV contractor and PTTTTTTTTTS
developed by the GFE provider. 1 !

c

EViLaunch Systems IRD |

L

CEV/Mission Systems IRD

CEV/C3I IRD

CEV/ISS IRD

CEV/EDS IRD
CEV/LIDS IRD

CEV/APAS IRD

CEV/Crew Medical/Fithess

Systems IRD

CEV/Suits, EVA, and Crew

Survival Equipment IRD

CEV/FCE and Food

NASA Developed

Systems IRDs

Contractor Developed (Note: The CEV contractor shall idenfify and
develop all necessary interface specifications for the CEV.

Attachment J-1
Page 28 of 76




NNJO6TA25C - Attachment J-1
Crew Exploration Vehicle — (CEV)

c)

d)

e)

9)

Deliverablesv‘

The Contractor shali document the functional decomposition, requirements allocation, and
design to the component fevei in DRD CEV-T-033, Architecture Design Document.

The Contractor shalt provide a requirements database within a Systems Engineering tool to
maintain bi-directional requirements traceability from the CEV System level/EIRDs and the
CEV subsystem level requirements throughout the requirements allocation process to the
component level. The System Engineering tool or toolset shall also include a functional modsl
to which the requirements are linked. The Contractor shall provide NASA access to this
capability through NASA ICE and provide traceability reports at all milestone reviews to verify
requirements traceability. This traceability shall be maintained and continue through the
design, procurement specifications, hardware and software configuration items requirements,
and verification of the requirements and results. Traceability shall be documented per DRD
CEV-T-034, Requirements Traceability Report.

The Contractor shall configuration manage the aliocated requirements baseline and
architecture throughout the performance period of this contract in accordance with Section
1.1.4, Configuration Management.

The Contractor shall perform ~analyses to validate the allocation of
requirements and document the résuns in DRD CEV-T-010, System Performance Analysis
Report.

e ————

The Contractor shall deliver and maintain the following document(s):

DRD CEV-T-031: CEV <Level> Requirements Specification
DRD CEV-T-032: CEV Specification and Drawing Trees
DRD CEV-T-033: Architecture Design Document

DRD CEV-T-034: Reqguirements Traceability Report
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SAFETY AND MISSION ASSURANCE

a)

b)

d)
e)
f)
9)

h)

The Contractor shall demonstrate and document compliance with requirements stated in the
CXP-10001, Systems Requirements for the Crew Exploration Vehicle Element (CEV SRD)
for safety, reliability, maintainability, supportability, manufacturability, hardware and software
quality assurance, industrial safety, and environmental safety for all aspects of the CEV
System.

The Contractor shall develop, implement and maintain an Safety and Mission Assurance
(S&MA) Plan (DRD CEV-8-001), which defines their S&MA organization (within the Project
and within S&MA) including subcontractors, processes, required skills, tasks and products for
the CEV System.

The Contractor shall incorporate and maintain in the Integrated Master Schedule S&MA flight
safety reviews, ground safety reviews, forum meetings, and all DRD deliveries.

The Contractor shall provide S&MA representation for CEV System technical, operations and
management forums, boards/panels and project reviews.

The Contractor shall provide S&MA representation for Flight Safety Review Panels and
Ground Safety Review Panels.

The Contractor shall provide an S&MA evaluation of flight rules, change requests,
procedures, and contingency operations for both ground and flight operations.

The Contractor shall provide S&MA support for the CEV System integrated project risk
assessment for the Constellation Program.

The Contractor shall generate, document, analyze and incorporate lessons learned for
incorporation into NASA's Lessons Learned database per DRD CEV-S-001, Safety and
Mission Assurance (S&MA) Flan.

The Contractor shall provide an S&MA evaluation of all waivers, deviations, and changes with
an emphasis on impacts to safety and mission success.

Deliverables

The Contractor shall deliver and maintain the following document(s):

DRD CEV-S-001: Safety and Mission Assurance (S&MA) Plan

3.1 System Safety

a)

b)

c)

d)

The Contractor shall perform System Safety Hazard Analyses per DRD CEV-8-003, System
Safety Hazard Analyses.

The Contractor shall deliver safety data packages per DRD CEV-S-003, System Safety
Hazard Analyses, (which include the Hazard Analysis, mitigations and controls, design
drawings, schematics, systems descriptions and system analysis) at all phased safety
reviews in accordance with the project schedule and CXP-02012, Methodology For Conduct
of Project Constellation Hazard Analyses (Section 6, Hazard Reports).

The Contractor shall perform fault trees analyses to identify, mitigate and control the hazards
of the CEV System throughout the CEV System life cycle using FTH, Fault Tree Handbook
with Aerospace Applications, August 2002, version 1.1 (Chapters 1-9), as guidance, and,
shall document and deliver the results per DRD CEV-8-002, Faulf Tree Analysis.

The Contractor shall deliver all CEV System hazard reports, hazard analyses, and rationale
to the Constellation Hazards Database.

Deliverables

The Contractor shall deliver and maintain the following document(s):
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DRD CEV-5-002: Fault Tree Analysis
DRD CEV-S-003: System Safety Hazard Analyses

3.2 Industrial, Environmental, Processing Site, Launch Site

a)

b)

d)

f)

g)

h)

)

k)

)

and Range Safety

The Contractor shall develop and deliver a mishap prevention plan per DRD CEV-$-004
(Mishap Plan and Safety Stafistics).

The Contractor shall provide immediate verbal notification (upon discovery) and prompt
written reporting (within 24 hours) to the NASA safety office and contracting officer of any
accident, incident, or exposure resulting in fatality, lost-time occupational injury, disease,
contamination of property beyond any stated acceptable limits, or property loss of $1,000 or
more. In addition, the Contractor shall provide mishap, close calls, and safety statistics
including trend items per DRD CEV-S-004, Mishap Plan and Safely Statistics, and shall
assist the NASA investigating authority, as requested, in investigating these incidents.

The Contractor shall provide information and technical data to support NASA's completion of
a National Environmental Policy Act (NEPA) analysis for the CEV project in accordance with
NPR 8580.1, Implementing the National Envircnmental Policy Act and Executive Order
12114.

The Contractor shall perform a Ground Processing Safety Analysis to establish requirements
for implementation into the spacecraft design and ground support equipment designs. The
results shall be documented in accordance with DRD CEV-8-005, CEV Ground Processing
Certification Report.

The Contractor safety organization shall actively participate in Test Readiness Reviews to
ensure personnel and hardware safety.

The Contractor shall provide S&MA data to support a range safety flight termination system
(FTS) determination analysis per NPR 8715.5, Range Safety Program, and AFSPCMAN 91-
710, Range Safety User Requirements Manual in accordance with the requirements in SOW
Section 7.4, Range Safety.

The Contractor shall furnish a list of all hazardous operations to be performed and a list of
key operations planned in the performance of the contract per DRD CEV-S-006,
Hazardous/Key Operations List.

The Contractor shall provide S&MA data to support the range safety analysis per DRD CEV-
§-003, System Safety Hazard Analysis, and DRD CEV-8-010, Probabilistic Risk Assessment
Results, to meet all local test range safety requirements.

The Contractor shall coordinate with the CEV Project and the Range Safety Officer (RSQ) to
develop and implement operational range safety requirements, plans, procedures, and check
lists including mission rules and flight commit criteria, in accordance with DRD CEV-0-007,
Range Safety Requirements Document.

The Contractor shall perform an orbital debris assessment on the CEV system per DRD
CEV-8-007, Orbital Debris Assessment, to determine the amount of orbital debris that may
be generated both in nominal and malfunction operations and for collisions in orbit.

The Contractor shall provide a safety and health program which identifies, eliminates,
mitigates and controls hazards and risks in all Contractor activities and document the plan in
DRD CEV-S-008, Sarfety and Health Plan.

The Contractor and their subcontractors (if any) shall follow applicable OSHA, NASA, and
CEV safety and health requirements. The Contractor and their subcontractors shall document
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this “flow down” of safety and health responsibility in the Safety and Health Plan (DRD CEV-
§-008).

Deliverables

The Contractor shall deliver and maintain the following decument(s):

DRD CEV-5-004: Mishap Plan and Safety Statistics

DRD CEV-5-005: CEV Ground Processing Certification Report
DRD CEV-S-006:; Hazardous, Key Operations List

DRD CEV-5-007: Orbital Debris Assessment

DRD CEV-S-008: Safety and Health Plan

3.3 Reliability, Maintainability, and Supportability (RMS)

a)

b)

The Contractor shall develop, implement, and maintain an RMS Plan per DRD CEV-S-001,
Safety and Mission Assurance (S&MA) Plan, which defines the implementation of RMS within
their organization including processes, required skills, tasks and products for the CEV
System.

The Contractor shall perform Failure Modes Effects Analyses /Critical Items Lists (FMEA/CIL)
and document the resuits per DRD CEV-S-009, Failure Mode and Effects Analysis & Critical
ltems List (FMEA/CIL).

The Contractor shall perform CEV System Probabilistic Risk Assessments for identification of
high-risk hardware, software and operations per DRD CEV-8-010, Frobabilistic Risk
Assessment Results.

The Contractor shall perform Reliability, Maintainability, and Supportability analyses for the
reliability and maintainability requirements for the CEV System and shaill document the
results per the DRD CEV-S-011, Reliability, Maintainability, and Supportability Integrated
Report. These results will be used to support the maintenance concept.

The Contractor shall identify where Design for Minimum Risk (DFMR} is used in lieu of fauit
tolerance, where adding additional redundancy is not technically feasible or where
redundancy would negatively impact cverall system safety and reliability. The Contractor
shall identify the rationale for acceptance of these DFMR functions designs. The Contractor
shall document the above in DRD CEV-8-011, Refiability, Maintainability, and Supportability
integrated Report.

Deiiverables

The Contractor shall deliver and maintain the following document(s):

DRD CEV-S-009: Failure Mcdes Effects Analysis & Critical Items List (FMEA/CIL)
DRD CEV-S-010: Probabitistic Risk Assessment Results
DRD CEV-8-011: Reliability, Maintainability, and Supportability Integrated Report

DRD CEV-S-012: Government-Industry Data Exchange Program and NASA
Advisories/ALERTS
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3.4 Hardware Quality Assurance

a)

b)

c)

d)

e)

f)

9

h)

)

The Contractor shall develop, implement and maintain a quality management system and
Quality Assurance Plan per DRD CEV-$-001, Safety and Mission Assurance (S&MA) Plan,
and in accordance with CXP-20006, Constellation Program Quality Document. The Quality
Assurance Plan shall define their Quality Assurance organization including processes,
required skills, tasks and products for the CEV project.

The Contractor shall implement and decument a Problem Reporting and Corrective Action
{PRACA) system and provide all reportable problems, their status, and corrective actions, for
both hardware and software per DRD CEV-8-013, Problem Reporting and Corrective Action
(PRACA) Reports.

The Contractor shall identify, track, and disposition all hardware and software non-
conformances, anomalies, and discrepancies in a Contractor database and provide NASA
with access to these records, for the life of the Project.

The Contractor shall perform internal and subcontractor audits per the Safety and Mission
Assurance (S&MA)} Plan (DRD CEV-8-001). The Contractor shall document the findings and
results of the internal and subcontractor audits per DRD CEV-S-014, Quality Assurance Audit
Reports. _

The Contractor's S&MA organization shall review design specifications and designs to
determine compliance with required materials specifications.

The Contractor's S&MA organization shall review Materials and Special Processes activities
in the CEV Spacecraft Manufacturing process, to ensure compliance with materials and
process control specifications (including welding and brazing assurance, and NDE expertise
to assure proper methods, techniques and standards are being used in the performance of
NDE upon the hardware).

The Contractor's S&MA organization shall participate in the Fracture Control Board for the
CEV System to evaluate fracture-critical hardware.

The Contractor shall document the controls for those manufacturing processes where uniform
high quality cannot be ensured by inspection alone per DRD CEV-S-015, Critical Processes.

The Contractor shall develap, implement, and document a Mechanical Parts Assurance Plan
for flight and critical ground support equipment hardware per DRD CEV-8-016, Mechanical
Parts Management and Implementation Pian.

The Contractor shall document its workmanship standards/specifications to ensure that they
meet or exceed applicable NASA and Program Standards per DRD CEV-8-017,
Workmanship Standards.

Deliverables

The Contractor shall deliver and maintain the following document(s):

DRD CEV-8-013: Problem Reporting and Corrective Action (PRACA) Reports
DRD CEV-5-014: Quality Assurance (QA) Audit Report

DRD CEV-5-015: Critical Processes

DRD CEV-8-016: Mechanica! Parts Management and Implementation Plan
DRD CEV-S-017: Workmanship Standards
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3.5 Software Assurance and Safety

a)

b)

c)

d)

The Contractor shall develop, implement, and maintain a Software Assurance Plan per DRD
CEV-8-001, Safety and Mission Assurance (S&MA) Plan, Chapter 6.

The Contractor shall demonstrate and document software assurance functions for all
software in the CEV System in accordance with NASA-STD 8739.8 NASA Software
Assurance Standard

o Chapter 6, Provider Software Assurance
o Chapter 7, Software Assurance Disciplines.

The Contractor shall audit its own and any software suppliers internal software assurance
activities to allow evaluation of both the progress and effectiveness of software assurance
tasks and the need for adjustments or changes and document the results in DRD CEV-S-
018, Software Quality Assurance (SQA) Audit Reports.

The Contractor shall implement a systematic approach to software safety as an integral part
of the project's overall system safety program, per DRD CEV-S-001, Safefy and Mission
Assurance (S&MA) Plan, Chapter 2 - System Safety Plan.

Deliverables

The Contractor shall deliver and maintain the following document(s):

DRD CEV-S-018: Software Quality Assurance (SQA) Audit Report
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SPACECRAFT

a)

b)

d)

f)

a)

The Contractor shall design, develop, test, certify, and deliver CEV Spacecraft subsystem
hardware complying with all requirements in CXP-10001, Systems Requirements for the
Crew Exploration Vehicle Element (CEV SRD) (including the listed applicable documents and
those included in this Statement of Work (SOW)).

NASA will provide the following products to the Contractor for execution of the above effort:
o CXP-15000, Crew Exploration Vehicle (CEV) Crew Module Outer Mold Line (OML)

o CXP-15001, Crew Exploration Vehicle {(CEV) Aerodynamic and Aerothermal Databases
{for all phases of flight)

o CEV Spacecrait docking components (Androgynous Peripheral Assembly System
(APAS) and Low Impact Docking System (LIDS)) of the dockmg system for IS8 and
LSAM docking requirements

o Parachute system in support of nominal and abort entries
o Pyrotechnics initiators

All Government Furnished Equipment (GFE) product teams will produce data deliverables
equivalent to the contractor furnished equipment product data deliverables.

The Contractor shall integrate the NASA-provided products into the spacecraft design and
flight configurations to ensure that the integrated spacecraft meets CXP-10001, Systems
Requirements for the Crew Exploration Vehicle Element (CEV SRD). The Contractor shall
integrate the NASA-provided products and documentation into applicable product
deliverables included in this SOW (these include requirements, drawings, certification
packages, integrated analyses, and the spacecraft).

NASA will maintain detailed oversight of all spacecraft design activities. The Contractor shall
maintain responsibility for delivery of a design that meets the requirements. The detailed
process discussion to accomplish this can be found in CXP-12000, NASA CEV Project
Management Plan (PM-0001). The Contractor shalf include NASA personnel on all design
teams established by the Contractor.

NASA will perform independent requirements validation and design certification in key areas.
In these key areas NASA will establish design requirements teams intended to integrate the
activities of NASA and the Contractor. The Contractor shall participate in and support these
design requirements teams in GN&C Flight Software and CEV Avionics Integration
Laboratory Requirements.

NASA will lead, and the Contractor shall participate in, the Crew Cabin and Cockpit Layout
design requirements team.

NASA will lead, and the Contractor shall participate in, joint advanced development activities
for the CEV landing attenuation and thermal protection systems through the Preliminary
Design Review (PDR). The Contractor shall develop and implement plans, which detail the
transition. from development to insertion into the primary design path, for these advanced
technologies. The Contractor shall document these plans in the design and data books for
each subsystem.

6.1 | Spacecraft Systems Engineering

a)

The Contractor shall develop, maintain, and deliver all drawings and technical Computer
Aided Design (CAD) models of the CEV Spacecraft system, modules, subsystems and
components. The Contractor shall use DRD CEV-T-003, CEV CAD Models, and DRD CEV-
T-004, CEV Drawings, as the template for development and delivery of these items.
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b)

Additional specialized models and drawings may be specified within the spacecraft specialty
engineering and spacecraft subsystem DRDs.

NASA will develop drawings and CAD models for all GFE referenced in 6.0 b). NASA will
use DRD CEV-T-003, CEV CAD Models, and DRD CEV-T-004, CEV Drawings, as the
template for development and delivery of these items.

The Contractor shall develop and maintain models and simulations for the CEV Spacecraft,
modules, subsystems, and components using DRD CEV-T-001, /ntegrated Models,
Simulations and Support Plan, and DRD CEV-T-002, CEV Engineering Models.

NASA will develop models and simulations for all GFE referenced in 6.0 b). NASA will use
DRD CEV-T-01, Integrated Models, Simulations and Support Plan, and DRD CEV-T-002,
CEV Engineering Models, as the template for development and delivery of these items.

The Contractor shall use the following standards for developing all subsystems:

o AlAA-5-080, AIAA Standard for Space Systems — Metallic Pressure Vessels Pressurized
Structures, and Pressure Components

o AlAA-S-081, AIAA Standard for Space Systems — Composite Overwrapped Pressure
Vessels

6.1.1 - Requirements Definition and Management

a)

b)

d)

e)

f)

Q)

h)

The Contractor shall define the modules, subsystems, components, and software units that
make up the CEV Spacecraft.

The Contractor shall allocate CEV Spacecraft requirements {see section 2.3, Requirements
Definition and Management) down to the component level for the design of flight articles and
maintain the allocations/specifications over the life of the contract. Software requirements
documentation is handled in section 6.2.1.1, Flight Software.

The Contractor shall document module-level requirements using DRD CEV-T-031, CEV
<Module> Requirements Specifications. The Contractor shall produce a requirements
document for each module.

The Contractor shall document subsystem-level requirements using DRD CEV-T-031, CEV
<Subsystem> Requirements Specifications. The Contractor shall produce a requirements
document for each subsystem.

The Contractor shall document component-level requirements using DRD CEV-T-031, CEV
<Component> Requirements Specifications. The Contractor shall produce a requirements
document for each component. The Contractor shall configuration manage component-level
requirement specifications via a Contractor-led control board, which contains NASA
membership.

The Contractor shall document all hardware interfaces requirements using DRD CEV-T-035,
Internal Interface Requirement Document (IRD). The Contractor shall produce an IRD for
each module that interfaces with another module. The Contractor shall produce an |IRD for
each subsystem that interfaces with another subsystem.

The Contractor shall allocate requirements to the following government furnished products:

o CEV Spacecraft docking components (APAS and LIDS) of the docking system for 1SS
and LSAM docking requ_irements

o Parachute system in support of nominal and abort entries

o Pyrotechnics initiators _

The Contractor shall ensure that traceability between the levels is in accordance with the
capability established in Section 2.3, Requirements Definition and Management.
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Deliverables

The Contractor shall deliver and maintain the following document(s):

DRD CEV-T-035: Internal Interface Requirements Document (IRD)

6.1.2 Spacecraft Integration

a)

b)

The Contractor shall perform the system integration effort required to manage and control the
internal spacecraft interface definition process.

The Contracter shall manage crosscutting engineering issues within the spacecraft, such as
the allocation of rescurces into the design elements including the management of margins
and design and operational performance estimates for various subsystems. This information
shall be documented in DRD CEV-T-036, Margins Management Plan/Report, and
implemented by the Contractor.

The Contractor shall perform analyses required to validate the allocation of requirements and
shall document the results in DRD CEV-T-010, System Performance Analysis Report.

The Contractor shall document all internal interface design details using DRD CEV-T-029,
CEYV Interface Control Documents. The Contractor shall produce an ICD for each module
interfacing with another module. The Contractor shall produce an ICD for each subsystem
interfacing with another subsystem.

The Contractor shall document ICD({s) for the government furnished products below:

o CEV Spacecraft docking comp'onents (APAS and LIDS) of the docking system for ISS
and LSAM docking requirements

o Parachute system in support of nominal and abort entries
o Pyrotechnics initiators

The Contractor shall design and develop the spacecraft in compliance with the NASA-
provided and maintained CXP-15000, Crew Exploration Vehicle (CEV) Crew Module Quter
Mold Line (OML) and Center of Gravity (Cg) box definition. The Contractor shall submit
changes to NASA against the Crew Module OML baseline to accommodate maturing design
features.

Deliverables

The Contractor shall deliver and maintain the follbwing document(s):

DRD CEV-T-036: Margins Management Plan/Report

6.1.3 Spacecraft Crew Cabin and Cockpit Layout Design Requirements

a)

b)

NASA will lead, and the Contractor shall participate in, the development of detailed design
requirements for the CEV crew cabin and cockpit layout. NASA will document these
requirements in- CXP-10002, CEV Crew Cabin/Cockpit Layoui Design Requirements and
Standard, which will be baselined at PDR.

The Contractor shall allocate the design requirements for the CEV crew cabin and cockpit
layout to the specific subsystems for implementation.

The Centractor shall evaluate NASA-provided internal CEV crew cabin configurations and
layouts for compatibility with the integrated spacecraft design. The Contractor shall provide
inputs to NASA on design issues requiring resolution to meet integrated spacecraft
requirements through PDR.
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d)

e)

f)

The Contractor shall provide materials (e.g., layout schematics, computer 3-D models) for
two Crew Station Reviews. The Contractor shall conduct these two Crew Station Reviews
between System PDR and System CDR of the Contractor's CEV crew cabin internal layout
design utflizing NASA-identified Crew Office representatives. After each Crew Station
Review, the Contractor shall prepare and provide to the Crew Cabin and Cockpit Layout
Design team an impact assessment of quantifiable design issues arising from each review.

NASA will document the detailed display format sofiware requirements resulting from the
prototyping effort in CXP-15003, CEV Display Format Standards, and deliver this document
by PDR.

The Contractor shall deveiop and maintain the Display Software Requirements Specification
(DRD CEV-T-048), using CXP-15003, CEV Display Format Standards as an applicable
document. The Contractor shall baseline the Display Software Requirements Specification
(DRD CEV-T-048) by CDR.

6.1.4 Spacecraft Test, Verification and Certification

a)

b)

c)

d)

The Contractor shall develop and execute a Spacecraft Master Verification Plan for the
verification, qualification, certification, and acceptance of the CEV Spacecraft system,
modules, subsystems, and components. The Contractor shall use DRD CEV-T-015, Masfer
Verification Plan, to develop the Spacecraft Master Verification Plan. The Contractor may
use multiple velumes in the development of the Spacecraft Master Verification Plan to
document the module, subsystem, and comgponent leve! verification plans.

The Centractor shall perform qualification tests using DRD CEV-T-037, Qualification Test
Procedures, and document the test results in DRD CEV-T-038, Qualification Test Report, and
DRD CEV-T-017, Certification Data Package. The Contractor shall perform qualification
testing at component, Spacecraft system, and intermediate levels of assembly to accumulate
the data necessary for CEV Spacecraft certification. The Contractor shall produce a
Certification Data Package for the spacecraft. The Contractor shall produce a Certification
Data Package for each module. The Contractor shall produce a Certification Data Package
for each subsystem. The Contractor shall produce a Certification Data Package for each
component. Note: Software test documentation is handled in section 6.2.1.1, Flight Software.

The Contractor shall perform acceptance testing at the spacecraft, module, and component
level using DRD CEV-T-039, Acceptance Test Procedures, and document the results using
DRD CEV-T-040, Acceptance Data Package. An Acceptance Data Package shall be
produced for the spacecraft. An Acceptance Data Package shall be produced for each
module. An Acceptance Data Package shall be produced for each component.

The Contractor shall hold Test Readiness Reviews (TRRs) before all formal verification
activities. The Contractor shall make subsystem, module, and spacecraft-level test
procedures available to NASA two weeks prior to each TRR. The Contractor shail invite
NASA fo witness all formal verification activities, including TRRs and test executions.

The Contractor shall conduct verification testing of all interface designs and requirements
within the spacecraft (between modules, between subsystems, and between components).

If the Contractor utilizes modeling and simulation to conduct analysis in support of verification
specification compliance, the Contractor shall comply with DRD CEV-T-001, /ntegrated
Models, Simulations and Support Plan, and DRD CEV-T-002, CEV Engineering Models.
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g) The Contractor shall provide the integration, test, & verification facilities required to test and
cerify all spacecraft modules, subsystems, and components. The Contractor shall invite
NASA to witness all subsystem facility design reviews and certification activities.

Deliverables

The Contractor shall defiver and maintain the following document(s):
« DRD CEV-T-037: Qualification Test Procedures

« DRD CEV-T-038: Qualification Test Report

« DRD CEV-T-039: Acceptance Test Procedures

s« DRD CEV-T-040: Acceptance Data Package

6.1.5 Spacecraft Specialty Engineering
a) The Contractor shall apply spacecraft specialty engineering in the CEV Spacecraft design.

6.1.5.1 Aerosciences

a) NASA will develop, update, and implement aerothermal and aerodynamic databases as part
of the design and development of the CEV Spacecraft. NASA will maintain the CEV
aerothermal and aerodynamic databases for the duration of contract performance.

b) NASA will define the initial Crew Module OML shape, including any flight control surfaces that
might be required.

¢) NASA will control all changes to the configuration of the Crew Module CML shape through za
NASA-led Crew Module OML Panel.

d) NASA will document the development of the CEV databases with an expianation of the
methodologies used to develop, populate, validate, and utilize the databases, including the
following:

o Documentation of experimental testing, including descriptions of the model,
instrumentation, facilities, test conditions, and results.

o Computational tool documentation describing the application of Computationa! Fluid
Dynamics (CFD) codes and engineering tools used to populate the databases including
code descriptions, gas dynamic modeling assumptions, best practices followed in grid
refinement and result validation.

o Electronic files detailing solid model geometries, computational grids, and flowfield
solutions used in creating the databases with complete descriptions of file formats and
content.

o Assumptions and extrapolations used to incorporate experimental and computational
data into the database.

o Specification of aerodynamic and heating uncertainties and corresponding justification.
o Definition of constants, variables, functions, and engineering units.
o Documentation of aerodynamic.and aerothermodynamic verification analysis.

e) The Contractor shall be responsible for using the aerothermal and aerodynamic databases
for implementing the spacecraft design.

f) The Contractor shall participate in an aerodynamic technical panel, which will coordinate the
development, implementation, maintenance, and delivery of the aerodynamic database.
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g) The Contractor shall participate in an aerothermodynamic technical panel, which will
coordinate the development, implementation, maintenance, and delivery of the
aerothermodynamic database.

h) The Contractor shall participate in the Crew Module OML Panel.

iy The Contractor shall be responsible for developing all CAD models of the OML, subsequent
to delivery of the initial NASA-defined OML.

6.1.5.2 Instrumentation

a) The Contractor shall define and implement an integrated plan for CEV Spacecraft
instrumentation. The Contractor shall provide in this plan provisions for the calibration of the
instrumentation fransducers and sensors to assure end-to-end error and tolerances are within
required performance specifications. The Contractor shall document these plans in DRD
CEV-T-041, CEV instrumentation Flan.

b) The Contractor shall define and document sensor range and calibration information in DRD
CEV-T-046, CEV Data and Command Dictionary.

Deliverables
The Contractor shall deliver and maintain the following document(s):
e« DRD CEV-T-041: CEV Instrumentation Plan

6.1.5.3 Mass Properties

a) The Contractor shall define a plan for managing mass properties and document this plan in
DRD CEV-T-042, Mass Properties Control Plan. The Contractor shall melement this plan
and document the results in DRD CEV-T043, Mass Properties Reports.

Deliverables

The Contractor shall deliver and maintain the following document(s):
s DRD CEV-T-042: Mass Properties Control Plan

¢« DRD CEV-T-043: Mass Properties Reports

6.1.5.4 Micrometeoroid and Orbital Debris (MMOD) Analyses

a) The Contractor shall assess MMOD risk for loss of vehicle/crew and loss of mission based on
the design MMOD environments derived from CXP-00102, Constellation Design Specification
for Natural Environments (DSNE) (and associated Children documents as specified in
Attachment J-3, Applicable, Guidance, and Informational Documents List), utilizing CXP-
05000, Constellation Program Natural Environment Definition for Design (NEDD).

b) In performing the analysis and providing the protection hardware, the Contractor shall comply
with the following standards:

o NASA TP-2003-210788, Meteoroid/Debris Shielding, 2003, Secticn 2 for describing the
MMOD risk assessment process using Bumper code

o JPR 8080.5 M/S-11, JSC Design and Procedural Standards, Section M/S-11, Metecroid
and Orbital Debris Protection Levels for Structures

Deliverables
The Contractor shall deliver and maintain the following document(s):
¢ DRD CEV-T-044; CEV MMCD Analysis Report
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6.1.5.5 Radiation

a) The Contractor shall use radiation analyses, including crew radiation exposure analysis
{using analytical tools integrated to structural models), to certify that the spacecraft meets the
CEV radiation requirements for the space radiation environments described in CXP-00102,
Constellation Design Specification for Natural Environments (DSNE) (and associated
Children documents as specified in Attachment J-3, Applicable, Guidance, and Informational
Documents List), utilizing the CXP-05000, Constellation Program Natural Environment
Definition for Design (NEDD). The Contractor shall document the certification results in DRD
CEV-T-045, CEV Space Radiation Analysis and Certification Report.

b) The Contractor shall use the following radiation protection requirements and applicable
document(s) in the design of the CEV Spacecrait:

o CXP-01000, Constellation Human System Integration Requirements (HSIR), Section 3.7
o OSHA Standards 29 CFR, Supplementary Standards 1960.18

o National Council on Radiation Protection and Measurements Report No. 132; Radiation
Protection Guidance for Activities in Low-Earth Orbit

o National Council on Radiation Protection and Measurements Report No TBD: "Radiation
Protection and Science Goals for Lunar Missions”; to be published in 2006 (Note: Upon
completion, this document will replace National Council on Radiation Protection and
Measurements Report No. 132: Radiation Protection Guidance for Activities in Low-Earth
Orbit.)

Deliverables
The Contractor shall deliver and maintain the following document(s):
¢ DRD CEV-T-045: CEV Space Radiation Analysis and Certification Report

6.2 Spacecraft Subsystems

a) The Contractor shall perform requirements development, design, analysis and trade studies,
assembly/production, integration, festing, verification, validation, qualification, certification,
and delivery for all CEV Spacecraft subsystems to the component level. A small number of
subsystems contain government furnished products. These NASA-provided products will be
detailed in each subsystem section.

P} In support of the spacecraft avionics development effort, the Contractor shall provide the
following for each subsystem:

o Validation of the subsystem's software requirements

o Validation of subsystem models/simulations used for flight software and integrated
avionics verification

c) The Contractor shall provide system and module-level design definition data in the DRD
CEV-T-033, Architectural Design Document (SOW section 2.3, Requirements Definition and
Management) and design definition and data down to the component level in the Subsystem
Design and Data Books listed in secticns 6.2.1, Aviconics, through 6.2.14, Launch Abort
System. :

d) The Contractor shall hold subsystem PDRs and CDRs prior to the system PDR and CDR.

e) The Contractor shall perform analyses, trade studies, and developmental testing to determine
the spacecraft architecture and component design that meets all requirements and best
balances performance, cost, schedule, and risk. The Contractor shall document this design
information in each of the subsystem design and. data books.
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)

9)

h)

)

The Contractor shall demonstrate how the design maps to and complies with the CEV
System-level and external interface requirements. The Contractor shail document this
requirements mapping in DRD CEV-T-034, Requirements Traceability Report.

The Contractor shall document their approach for developing and delivering integration test
assemblies and flight test articles in the Master Verification Plan (DRD CEV-T-015). The
Contractor shall document this information at the CEV Spacecraft system, module,
subsystem, and component levels in the Spacecraft Master Verification Plan.

The Contractor shall specify, produce and deliver integration testing assemblies and flight
test articles necessary to implement the Spacecraft Master Verification Plan. The Contractor
shalt document this information at the CEV Spacecraft system, module, subsystem, and
component levels in DRD CEV-T-017, Certification Data Package. Note: Subsystem and
component-level test and test documentation requirements are defined in section 6.1.4,
Spacecraft Test, Verification, and Certification.

NASA has identified subsystem-specific standards the Contractor shall follow during all
design, development, and test activities. The standards are listed in sections 6.2.1, Avionics,
through 6.2.14, Launch Abort System. Crosscutting standards applying to all subsystems are
covered in section 2.1.9, Specialty Engineering, and section 6.1.5, Spacecraft Specialty
Engineering.

The Contractor shall use the following standards and requirements documents for developing
all subsystems:

o JPR 8080.5, JSC Design and Procedural Standards (and associated Children documents
as specified in Attachment J-3, Applicable, Guidance, and Informational Documents List)
(exclusive of government "shalls")

o CXP-01000, Constellation Human System Integration Requirements (HSIR) (and
associated Children documents as specified in Attachment J-3, Applicable, Guidance,
and Informational Documents List)

6.2.1 Avionics

a)

b)

c)

d)

e)

The Contractor shall develop, implement, and maintain an Integrated Avionics Master
Verification Plan, per DRD CEV-T-015, that details the Contractor's plan for verifying,
certifying, and acceptance of the avionics system.

The Contractor shall perform certification testing of the avionics subsystem and document the
results using DRD CEV-T-017, Certification Data Package.

The Contractor shall develop and maintain a sortable CEV Dafa and Command Dictionary
(DRD CEV-T-046), which includes channelization information, calibration information,
telemetry information, and command information required to define, manage and record all
data elements that interface with the core avionics software and hardware, the subsystem
specific software, and the ground systems.

The Contractor shall develop an Avionics Subsystem - Constellation C3! Interoperability
Report per DRD CEV-T-047, Avionics Design and Data Book Volume V - Avionics
Subsystem - Consteflation C3! Interoperability Report, to detail how the Contractor's design
will adhere to CXP-00101, Constellation Command, Control, Communication, and Information
(C31) Interoperability Specification (and associated Children documents as specified in
Attachment J-3, Applicable, Guidance, and Informational Documents List).

The Contractor shall develop DRD CEV-T-047, Avionics Design and Data Book Volume [ -
Avionics System-Level Dafa, which contains avionics architecture diagrams, results of trade
studies and performance analyses, block diagrams, schematics, prototyping resuilts, design
data, planned growth provisions/margins/scarring, and discussion of fault tolerance and
effects of failures on performance.
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f)

g)

)

k)

In concert with section 2.1.3, Open Architecture, the Contractor shall utilize open architecture
designs and industry standards where feasible and cost-effective in the avionics subsystem
hardware and software designs, taking into consideration long-term maintainability/availability
and extensibility. The Contractor shall utilize modular hardware and common building blocks
such as power supplies, chassis, processor cards, memory cards, network cards, etc. where
feasible and cost-effective.

in concert with section 2.1.3, Open Architecture, the Contractor shall utiize standard
compilers, operating systems, and software development fools/environments throughout the
CEV software design and development process where feasible and cost-effective.

The Contractor shall perform 400 hours burn-in testing on each avionics Line Replaceable -
Unit (LRU) to screen out early hardware failures.

For each avionics LRU that requires active cooling, the Contractor shall perform testing to
determine the maximum time that the LRU can be operated without active cooling applied.
The Contractor shall document this data in each volume of the avionic design and data book.

The Contractor shall use the following standards for designing the avionics subsystem:

o CXP-00101, Constellation Command, Control, Communication, and [nformation {C3l)
Interoperability Specification (and associated Children documents as specified in
Attachment J-3, Applicable, Guidance, and Informational Documents List)

Deliverables

The Contractor shall deliver and maintain the following document(s):

DRD CEV-T-046: CEV Data and Command Dictionary
DRD CEV-T-047: Avionics Design and Data Book

6.2.1.1 Flight Software

a)

b)

c)

The Contractor shall design, develop, produce, integrate, verify, validate, certify, operate,
maintain, document, and deliver CEV flight and accompanying ground and test software in
accordance with all Block 1A and Block 1B requirements and in this SOW.

The Contractor shall develop all flight software following the plans, processes, and standards
outlined in DRD CEV-T-005 Software Development Plan, and section 2.1.4, Software
Engineering.

The Contractor shail allocate CEV Spacecraft requirements (section 2.3, Requirements
Definition and Management) to the Computer Software Configuration ltem (CSCH) level for
the design of flight software and flight test software and maintain the allocations/requirements
over the life of the system as development transitions to production (Schedule B) and
sustaining engineering (Schedule C). The Contractor shall produce a Software
Requirements Specification (SRS) for each CSCI, using DRD CEV-T-048, Software
Requirements Specification.
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d)

The Contractor shall allocate the requirements of each CSCl to the Computer Software
Components (CSCs) and Computer Software Units (CSUs) levels. This design breakdown
shall be documented in the Inferface Control Documents (DRD CEV-T-029) and Soffware
Design Description (DRD CEV-T-050) documents.

The Contractor shall plan, execute and document trade studies to identify criteria and provide
resolution data for flight software issues related to the selection of software, software tools,
and hardware/software architectures (e.g., operating system selections and bus
architectures). The Contractor shall determine the ability of the CEV system to be
upgradeable to the Block 2 configuration and perform frade studies to determine that
memory, throughput, and processing margins are adequate to meet the Block 2 configuration
requirements. Trade study reports shall be documented per the requirements captured in
DRD CEV-T-003, CFV Analysis Reports.

The Contractor shall perform unit testing of the flight software. Unit test procedures (CSU-
level), CSU-to-CSU interface, CSCHevel, and CSC-to-CSC interface tests will not be a

deliverable to NASA; however, they shail be made available to NASA upon request via DRD

g9)

h)

)

CEV-T-007, Software Development Folders. All CSCl-level test procedures shall be
documented in DRD CEV-T-053, Software Test Description. The Contractor shall develop
and deliver DRD CEV-T-017, Certification Data Package for each CSCI and for the integrated
flight software. The Contractor shall deveiop and deliver DRD CEV-T-040, Acceptance Data
Package for each flight software deliverable.

The Contractor shall perform configuration management of the flight software within their
configuration management system and provide “mirror imaging” of all software development
folders, source code, and documentation into ICE on a weekly basis.

The Centractor shall deveiop a flight software mission reconfiguration process that details the
Contractor's plan for flight-to-flight reconfiguration of the flight software and ground facility
software to meet mission-specific requirements. The Contractor's process shail address the
changing of software parameters to account for vehicle modifications, vehicle differences, or
to specify values for mission-specific requirements. The Contractor shall document the
reconfiguration process plans, requirements, and design in DRD CEV-T-005, Software
Development Plan, DRD CEV-T-048, Software Requirements Specification, and DRD CEV-
T-050, Soffware Design Description. The Contractor shall develop tools to support the
reconfiguration process.

Deliverables

The Contractor shall deliver and maintain the following document(s):

DRD CEV-T-048: Software Requirements Specification

DRD CEV-T-048: Monthiy Saoftware Metrics Report

DRD CEV-T-050: Software Design Description

DRD CEV-T-051: Software Inspection and Peer Review Report
DRD CEV-T-052: Software Test Plan
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DRD CEV-T-053; Software Test Description

DRD CEV-T-054: Software Test Report

DRD CEV-T-055: Software Maintenance Plan

DRD CEV-T-056: Software User Manual

DRD CEV-T-057: Software Version Description Document

6.2.1.2 Command & Data Handling (C&DH)

a)

The Contractor shall document the design for all C&DH hardware as specified in DRD CEV-
T-047, Avionics Design and Data Book Volume Il - C&DH/Instrumentation Subsystem Data.

6.2.1.3 Communications and Tracking (C&T)

a)

b)

c)

d)

The Contractor shall prepare, deliver, and maintain DRD CEV-T-047, Avionics Design and
Data Book Volume Il - Communications and Tracking Subsystem Data.

The Contractor shall participate in the development of Constellation's integrated
communications and tracking concepts, architecture, and requirements. The Contractor shall
comply with the design of the Constellation communications architecture according to CXP-
00101, Constellation Command, Control, Communication, and Information (C3I)
Interoperability Specification (and associated Children documents as specified in Attachment
J-3, Applicable, Guidance, and Informaticnal Documents List).

Subsystems other than C&T may contain RF/optical devices (i.e., wireless sensors, GPS).
The Contractor shall apply the standards in this section to those subsystems containing
RF/optical devices. The Contractor shall provide the same documentation required in DRD
CEV-T-047, Avionics Design and Data Book Volume Il - Communications and Tracking
Subsystem Data, for all subsystems containing RF/optical devices. The Contractor shall
document this information in that subsystems design and data book.

The Contractor shall participate in the development of Radio Frequency/Optical ICDs and
document the results in DRD CEV-T-058, Radio Frequency/Optical {CDs.

The Contractor shall use the following standards for designing the C&T subsystem:
o 450-SNUG, Space Network Users' Guide

o FIPS 140-2, Security Requirements for Cryptographic Module

o FIPS-197, Advanced Encryption Standard

o ICD-GPS-200, Navstar GPS Space Segment/Navigation User Interfaces

o NTIA Manual, National Telecommunications and Information Administration (NTIA)
Manual of Regulations & Procedures for Federal Radio Frequency Management (May
2003 Edition, May 2005 Revisions) Chapter 10

o |EEE 802.16e, IEEE Standard for Local and Metropolitan Area Networks, Part 16: Air
Interface for Fixed and Mobile Broadband Wireless Access Systems - Amendment for
Physical and Medium Access Control Layers for Combined Fixed and Mobile Operation
in Licensed Bands

Deliverables

The Contractor shall deliver and maintain the following document(s):

DRD CEV-T-058: Radio Frequency/Optical ICDs
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6.2.1.4 Displays & Controls

a) The Contractor shall perform requirements development for the D&C subsystem as part of
the Contractor/NASA Spacecraft Crew Cabin and Cockpit Layout Design Requirements
Team described in Section 6.1.3, Spacecraft Crew Cabin and Cockpit Layout Design
Requirements. This team will produce TBD-036, CEV Crew Cabin/Cockpit Layout Design
Reguirements and Standard.

b} The D&C subsystem shall utiize naming conventions as established in CXP-02007,
Constellation Nomenclature Plan.

¢) The Contractor shall prepare, maintain, and deliver Avionics Design and Data Book Volume
IV - Displays and Controls Subsystem Data per DRD CEV-T-047.

6.2.2 Electrical Power Subsystem

a) The Contractor shall participate with the Constellation Program in the development of DRD
CEV-T-060, Electrical Power Quality Specification Requirements Document. The Contractor
shall perform testing and analyses required to develop a power quality specification that wiil
be compatible with the technology needed to generate, store, and distribute electrical power.
The Constellation Program will provide oversight and guidance with an emphasis to tailor this
specification to be compatible to both the CEV and other similar Constellation EPS systems.

Deliverables

The Contractor shall deliver and maintain the following document(s):

e DRD CEV-T-059: Electrical Power System (EPS) Design and Data Book

s DRD CEV-T-060: Electrical Power Quality Specification Requirements Document

6.2.3 Mechanisms
a) For the CEV Block 1 A and 1B configurations NASA will provide the Androgynous Peripheral
Assembly System (APAS) and associated data products.

b) For the CEV Block 1 A and 1B configurations the Contractor shall integrate APAS into the
CEV Spacecraft design.

¢) For the CEV Block 2 configuration NASA will provide the Low Impact Docking System (LIDS)
and associated data products.

d) For the CEV Block 2 configuration the Contractor shall integrate LIDS into the CEV
Spacecraft design.

e) The Contractor shall design and develop safety or mission critical mechanisms in accordance
with the following standard:

o NASA-STD-5017, Design and Development Requirements for Mechanisms, Sections 1-4
Deliverables
The Contractor shall deliver and maintain the following document(s):
¢ DRD CEV-T-061: Mechanical Systems Design and Data Book
« DRD CEV-T-062: Stress Analysis Report
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6.2.4 Passive Thermal Control

a)

The Contractor shall develop thermal analytical models to support integrated Constellation
vehicle analyses and CEV thermal analyses.

Deliverables

The Contractor shall deliver and maintain the following document(s):

DRD CEV-T-063: Passive Thermal Control Design and Data Bock (PTCDDB)
DRD CEV-T-064: Passive Thermal Control Mathematical Models and Documentation

6.2.5 Thermal Protection System

a)

b)

c)

d)

g)

h)

),

NASA will perform advanced development of two designs for the TPS forebody heat shield
component, leading to the TPS subsystem PDR. The forebody heat shield component
includes both the TPS materials or material system, the underlying support structure to which
the TPS material is mounted, and the attachment or bonding agents or system. These two
advanced development design options are as follows:

o Lunar Return capable

o Low Earth Orbit Return capable

NASA will produce the following subsystem PDR products:

o TPS Component (Forebody Heatshield) Requirements Specification (DRD CEV-T-031)

o TPS Component (Forebody Heétshieid) section of the Thermal Protection System Design
and Data Book (TPSDDB) (DRD CEV-T-065)

o TPS Component (Forebody Heatshield) Math Models as part of Thermal Protection
System Mathematical Mecdels and Documentation (DRD CEV-T-066) and CEV CAD
Models (DRD CEV-T-003)

o Inputs to integrated Contractor products

The Contractor shall participate in advanced development activities to the extent necessary
to execute the efforts described in this SOW.,

The Contractor shall produce all remaining subsystem PDR products not produced by NASA,

Following the TPS subsystem PDR, the Contractor shall perform detailed design, test, and
analysis of both TPS heat shield designs.

The Contractor shall develop one engineering development unit (EDU) for each heat shield
design for use in Contractor and NASA testing.

The Contractor shall establish a milestone for selecting one of the two TPS heat shield
designs based on test and evaluation of the two designs after subsystem PDR. The
Contractor shall recommend the TPS heat shield design to be used for final implementation
at this milestone. The Contractor shall document this milestone in the Integrated Master Plan
(IMP). NASA will select the final TPS heat shield design.

The Contractor shall complete design, develcpment, test, certification, and delivery of the
selected TPS heat shield and all post-PDR DRD products.

The Contractor shall design, develop, test, certify, and deliver all other CEV Spacecraft TPS
components and DRD products.

The Contractor shall develop thermal analytical models to support integrated Constellation
vehicle analyses and CEV thermal analyses.
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Deliverables

The Contractor shall deliver and maintain the following document(s):

DRD CEV-T-085: Thermal Protection System Design and Data Book (TPSDDB)
DRD CEV-T-086: Thermal Protection System Mathematical Models and Documentation

6.2.6 Structures

a)

b)

d)

f

g)

h)

The Contracter shall perform structural analysis on all spacecraft structures, including
pressure vessels, to show that all elements of the design such as the sirength, stiffness,
structural stability, and life meet aii specified criteria for the anticipated loads and
environments. ‘

The Contractor shall perform loads and dynamics analyses and document the results in DRD
CEV-T-067, Structural Locads Data Book.

The Contractor shail perform stress and fatigue analyses and document the results in DRD
CEV-T-062, Stress Analysis Report.

The Contractor shall develop models to support integrated Constellation vehicle analyses as
well as CEV loads and stress analyses. The Contractor shall deliver DRD CEV-T-068,
Structures Mathematical Models and Documentation, which will deliver and describe the
mathematical models used in the CEV Spacecraft system, module, subsystem, and
component loads and stress analyses.

The Contractor shall implement a fracture control program and identify fracture critical parts
to protect against catastrophic structural hazards associated with flaw presence, fatigue crack
propagation and fracture. The Contractor shall deliver and implement DRD CEV-T-069,
Fracture Control Plan, and DRD CEV-T-070, Fracture Control Summary Report.

The Contractor shall use NASA-HDBK-7005, Dynamic Environmental Criteria, as a guidance
document to support the DRD CEV-T-015, Master Verification Plan DRD product
deavelopment activity.

The Contractor shall use the following standards for designing and analyzing the structures
subsystem: - '

o CXP-15002, Crew Exploration Vehicle (CEV)/Crew Launch Vehicle (CLV) Loads
Requirements Data Book

o JSC-62550, Structural Design and Verification Criteria for Glass, Cefamics and Windows
in Human Space Flight Applications

o NASA-STD-5001, Structural Design and Test Factors of Safety for Space Flight
Hardware

o NASA-STD-5002, Loads Analyses of Spacecraft and Payloads

o NASA-STD-5007, General Fracture Control Requirements for Manned Spaceflight
Systems '

c NSTS 08307, Space Shuttle Criteria for Preloaded Bolis
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Deliverables

The Contractor shall deliver and maintain the following document(s):

e DRD CEV-T-067: Structural Loads Data Book

« DRD CEV-T-068: Structures Mathematical Modeis and Documentation
e DRD CEV-T-069: Fracture Control Plan

¢ DRD CEV-T-070: Fracture Control Summary Report

6.2.7 Propulsion

a) The Contractor shall perform design, development, test, certification and delivery of all
prepulsion systems and develop all propulsion related DRD products.

b) The Contractor shall develop, document, implement, and execute comprehensive verification
activities and associated processes for all propulsion systems in order to certify the
propuision systems for compliance with CEV component, subsystem, module, Spacecraft
system, and vehicle-level requirements. The Contractor shall also design, fabricate and test
integrated propulsion systems in order to evaluate and certify integrated propulsion system
hat fire performance for each propulsion application. The Contractor shall also design,
fabricate, and test integrated propulsion systems to evaluate and certify integrated propellant
system storage and conditioning designs and capabilities in order to evaluate and certify
propellant conditioning performances. The Confracter shall design and certify liquid
propellant rocket engines for “combustion stability, using CPIA 655, Guidelines for
Combustion Stability Specifications and Verification Procedures for Liquid Propeliant Rocket
Engines, as a guidance document in this design and certification effort.

c) T

]

Deiiverables ‘
The Contractor shall deliver and maintain the following document(s):
e DRD CEV-T-071: Propulsion Systems Design and Data Book

6.2.8 Suits, EVA and Survival Crew Equipment Support Systems

a) NASA will provide the CEV suits and EVA support equipment (e.9., EVA suits, launch and
entry suits, heimets, gloves, undergarments, and standard EVA tools if applicable).

b) NASA will provide crew equipment systems and gear for emergency egress and survival,
crew/personnel post landing tracking systems, and crew/personnel postlanding
communications systems.

¢) The Contractor shall perform requirements development, design, analysis and trade studies,
assembly/production, integration, testing, verification, validation, qualification, certification,
and delivery of the CEV interfaces for the NASA-provided suits, EVA support equipment, and
survival crew equipment. A

d) The Contracter shall supply the raw vehicle resources to supply the NASA-provided suits with
power, oxygen, water, cooling, contaminant control and communications as defined in the
CXP-01009, Suits, EVA and Survival Crew Equipment fo CEV IRD. The Contractor shall
control/provide/analyze the vehicle side interface, and NASA will control/provide the
umbilical/support systems hardware and the suit-side interface.

e) The Contractor shall supply vehicle resources and interfaces for vehicle depressurization/re-
pressurization as defined in support of an EVA.
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f)

g)

The Contractor shall provide an iIVA/EVA-operable CEV Spacecraft hatch and mechanisms,
specialized CEV-specific EVA tools, and external devices, restraints, and mobility aids.

The Contractor shall use the human engineering standards listed in section 2.1.8, Human
Engineering, to design all interfaces to suits, EVA, and survival crew equipment systems.

Deliverables

The Contractor shall deliver and maintain the following document(s):

DRD CEV-T-072: Suits, EVA and Survival Crew Equipment Support Systems Design and
Data Book

6.2.9 Environmental Control and Life Support (ECLS), Crew Health and

a)

b)

c)

d)

Habitation Accommodations

NASA will provide food and food packaging. The Contractor shall design the interfaces for
these NASA-provided items.

NASA will provide portable medical kits, equipment, and supplies, and portable
countermeasures systems. The Contractor shail design the interfaces for these NASA-
provided items.

NASA will provide additional FCE such as personal hygiene kits, hygiene consumables, sleep
restraints, portable supplemental lighting, portable vacuum cleaner, dust abatement system,
disposable wipes, personal carry-on stowage, standard tools, crew clothing, and portable
crew personal items (e.g., relaxation and entertainment systems). The Contractor shalll
design the interfaces for these NASA-provided items.

The Contractor shall use the following ECLS, crew health and habitation accommodations
standards and the Human Engineering Standards listed in section 2.1.8, Human Engineering,
for designing this subsystem:

o JSC 20584, Spacecrait Maximum Allowable Concentrations for Airborne Contaminants

The Contractor shall provide definition of the process to be used for cleanliness of
components for use in oxygen, fuel, and pneumatic systems. The Contractor shall provide
this information in DRD CEV-T-073, Environmental Control and Life Support Design and Data
Book. The process must meet or exceed the requirements identified in the following
documents:

o MSFC-SPEC-164B, Specification for Cleanliness of Components for Use in Oxygen, Fuel
and Pneumatic Systems (and associated Children documents as specified in Attachment
J-3, Applicable, Guidance, and Informational Documents List)

o MSFC-PROC-404, Gases, Drying and Preservation, Cleanliness Level and Inspection
o MSFC-PROC-1831, The Analysis of Nonvolatile Residue Content

o MSFC-PROC-1832, Sampling and Analysis of Nohvolatile Residue Content on
Critical Surfaces

The Contractor shall identify the standard for test methods for environmental engineering in
DRD CEV-T-073, Environmental Control and Life Support Desigh and Data Book. This
standard shall meet or exceed the following standard:

o MIL-STD-810F, DOD Test Method Standard for Environmental Engineering
Considerations and Laboratory Tests, Section 5 and Part 2.

Deliverables

The Contractor shall deliver and maintain the following document(s):
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DRD CEV-T-073: Environmental Control and Life Support Design and Data Book
DRD CEV-T-074: Habitation Accommodations Design and Data Book

6.2.10  Pyrotechnics

a)

b)

a)

h)

NASA will supply the pyrotechnic initiators for all pyrotechnic events excluding non-Shuttle
mechanically initiated devices for crew escape. NASA will supply interface and performance
requirements for the system used to fire the initiators.

If the Contractor selects existing Shuttle pyrotechnic devices for the CEV Spacecraft, then
NASA will supply those pyrotechnic devices to the Contractor.

NASA will supply all pyrotechnics used on the parachute system.

The Contractor shall comply with all requirements in JSC 62809, NASA Human Rated
Spacecraft Pyrotechnic Specification.

The Contractor shall perform preliminary design reviews and critical design reviews for all
pyrotechnic devices not provided by NASA. The Contractor shall conduct development,
qualification, and acceptance testing on all other pyrotechnic devices selected for the CEV
Spacecraft. The Contractor shall conduct Phase |, Phase Il, and Phase il technical reviews
on all other pyrotechnic devices selected for the CEV Spacecraft per the requirements of JSC
62809, NASA Human Rated Spacecraft Pyrotechnic Specification.

The Contractor shall perform stress analysis and deliver stress analysis reports (DRD CEV-T-
062, Stress Analysis Report) on all pyrotechnic devices selected for the CEV Spacecraft.

The Contractor shall use the following standards for designing the pyrotechnics subsystem:
o AFJMAN 24-204, Preparing Hazardous Materials for Military Air Shipments

o FED-STD-H28/20, Screw - Thread Standards for Federal Services Revision A or Later
Inspection Section 20 Methods for Acceptability of UN, UNR, UNJ, M, and MJ Screw
Threads

o JSC 20431, NASA JSC Neutron Radicgraphy Specification

o JSC 62809, NASA Human Rated Spacecraft Pyrotechnic Specification

o JSC/SKD 26100132, Performance Specification for NSTS Use of Percussion Primers
o MIL-DTL-398, RDX (Cyclotrimethylenetrinitramine)

o MIL-DTL-45444, HMX (Cyclotetramethylenetetranitramine)

o MIL-L-3055, Type | Lead Azide

o MIL-L-46225, Lead Azide RD-1333

o MIL-P-20444C, Primer, Percussion, M42 Parts for and Loading, Assembling and
Packaging

o MIL-P-387, Pentaerythrite Tetranitrate (PETN)

o MIL-STD-286, Military Standard Propellants, Solid: Sampling Examination and Testing;
Method 802.1

o WS 5003F, Material Specification for HNS Explosive

The Contractor shall identify their standards for designing the pyrotechnics subsystem, in the
following areas. This standard shall meet or exceed the following standards:

o AIA/NAS NASM20995, Wire, Safety or Lock
o ANSI/ASQC Z1.4, Sampling Procedures and Tables for Inspection by Attributes
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o ANSI/NCSL Z450-1, Calibration Laboratories and Measuring and Test Equipment -
General Requirements

o ASTM E1742, Standard Practice for Radiographic Examination

o ASTM E8, Standard Test Methods of Tension Testing of Metallic Materials

o DOD 4145.28-M, DOD Contractors Safety Manual for Ammunition and Explosives
o MIL-P-116, Preservation, Methods of

o MIL-8-22473, Sealing, Locking and Retaining Compounds, Single Component

o MS20003, Indicator, Humidity, Card, Three Spot, Impregnated Areas

Deliverables

The Contractor shall deliver and maintain the following document(s):

DRD CEV-T-075: Pyrotechnic Subsystem Design and Data Book

6.2.11 Landing and Recovery System

a)
b)

c)

d)

e)

9)

h)

NASA will provide the parachute system.
NASA will perform advanced development of the landing attenuation system leading up to the
landing attenuation system subsystem PDR.

NASA will produce the following landing attenuation system PDR products:

o Landing Attenuation System Subsystem Requirements Specification (DRD CEV-T-031,
CEV <Subsystem> Requirements Specification)

o Landing Attenuation System Component Requirements Specification (DRD CEV-T-031,
CEV <Component> Requirements Specification)

o Input to DRD CEV-T-076, Recovery Systems Design and Data Book
o Input to DRD CEV-T-077, Recovery Systems Simulation Models and Documentation

The Contractor shall participate in the advanced development activities to the extent
necessary to execute the efforts described in this SOW.

The Contractor shall produce all remaining PDR products not produced by NASA.

The Contractor shall complete design, development, test, certification, and delivery of the
selected landing attenuation system and all post-PDR DRD products.

The Contractor shall perform the requirements development, trade studies, design, analysis,
production, assembly, integration, testing, verification, validation, qualification, certification,
and maintenance for Contractor-provided CEV recovery hardware as specified by the CEV
Project.

The Contractor shall develop models and simulations for Contractor-provided hardware and
integrate with the models and simulations for the NASA-provided hardware to support
recovery systems development (DRD CEV-T-077, Recovery System Simulation Models and
Documentation).

Deliverables

The Contractor shall deliver and maintain the following document(s):

DRD CEV-T-076: Recovery Systems Design and Data Book
DRD CEV-T-077: Recovery Systems Simulation Models and Documentation
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6.2.12 Guidance, Navigation, and Control (GN&C)
a) The CEV GN&C requirements design and functional verification effort will be performed

through the use of specialized mode teams. NASA will lead and the Contractor shall
participate in each of these teams through the development of detailed design requirements
for the CEV GN&C flight system. The Contractor shall document the GN&C requirements in
DRD CEV-T-031, CEV GN&C Subsystem Requirements Specification, and DRD CEV-T-048,
GN&C Software Requirements Specification. The Contractor shall provide support to the
following teams:

o CEV Asceni/Abort Mode Team

o Entry GN&C Mode Team

o On-Orbit GN&C Mode Team

o Flight Mechanics/Mission Design Mode Team

Deliverables

The Contractor shall deliver and maintain the following document(s):

DRD CEV-T-078: GN&C Design and Data Book

6.2.13  Wiring

a)

b)

c)

The Contractor shall develop and document the process for defining, fabricating, testing,
routing, installing, verifying, and maintaining the CEV wiring subsystem throughout the life
cycle, including vehicle modifications, upgrades, and discrepancy resolution. This process
shall be documented in the DRD CEV-T-079, CEV Wiring Plan.

The Contractor shall develop a wiring database that provides definition down to the level of
pin-to-pin connectivity for all electrical harnesses and optical cables used on the CEV for
ground, launch, flight, and recovery operations including testing, verification, calibration, and
maintenance. The Contractor shall deliver the wiring database to NASA as DRD CEV-T-080,
CEV Wiring Database and Reports. The Contractor shall provide a hierarchical path/signal
structure which links the wiring database to DRD CEV-T-048, CEV Data and Command
Dictionary.

The Contractor shall develop, manufacture/fabricate, test, install, and certify all vehicle wiring
in accordance with DRD CEV-T-079, CEV Wiring Plan, and DRD CEV-T-080, CEV Wiring
Database and Reports.

Deliverables

The Contractor shall deliver and maintain the foliowing document(s):

DRD CEV-T-079: CEV Wiring Plan
DRD CEV-T-080: CEV Wiring Database and Reports

6.2.14 Launch Abort System

a)

Development of unique launch abort system components and integration of ali other
subsystem components that make up the abort system is the responsibility of the launch
abort system team.
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b)

c)

The Contractor shall develop and use integrated models with sufficient fidelity to allow
accurate trades to be performed for the design and development of the launch abort system
to meet the requirements specified by the CEV Project.

The Contractor shall provide the launch abort system for the CEV launch abort flight tests
and flight vehicles.

Deliverables

The Contractor shall deliver and maintain the following document(s):

DRD CEV-T-081: Launch Abort System Design and Data Book

6.3 Reserved

6.4 Spacecraft Integration and Test Facilities

a)

b)

¢}

d)

e)

The Contractor shall provide the Integration, Test, & Verification (IT&V) facilities required to
complete integrated verification of the spacecraft. The requirements for the IT&V facilities
shall be derived from the products developed under Section 6.1.4, Spacecraft Test,
Verification and Certification.

NASA will lead, and the Contractor shall participate in, the development of detailed
requirements for the CEV Avionics Integration Lab (CAIL). The purpose of the CAIL is to
perform integration testing of the CEV avionics hardware and software and associated
internal and external CEV interfaces using flight avionics hardware, flight software, and an
appropriate suite of certified ground support tools/systems and software. The Contractor
shall document the CAIL requirements in DRD CEV-T-082, Spacecraft Test & Verification
Facility System Requirements Document, the CAIL design in DRD CEV-T-083, Spacecraft
Test & Verification Facility System Design Document, the CAIL certification plan in DRD
CEV-T-084, Spacecraft Test & Verification Facility Cerlification Plfan, and the CAIL
certification results in DRD CEV-T-085, Spacecraft Test & Verification Facility Ceriification
Package.

The Contractor shall perform requirements development (with NASA participation and
concurrence), design, integration, delivery of EPS generation/storage/distribution/control
equipment, verification, validation, qualification, and certification for 2 CEV Exploration EPS
Testbed (EEST). The Contractor shall document the CEV EEST requirements in DRD CEV-
T-082, Spacecraft Test & Verification Facility System Requirements Document, the CEV
EEST design in DRD CEV-T-083, Spacecraft Test & Verification Facility System Design
Document, the CEV EEST certification plan in DRD CEV-T-084, Spacecraff Test &
Verification Facility Certification Plan, and the CEV EEST certification results in DRD CEV-T-
085, Spacecraft Test & Verification Facility Certification Package.

The Contractor shall develop a CAIL that at a minimum includes the following:

o A certified flight hardware suite representing the CEV Spacecraft avionics (down to the
firmware-levei).

o A simulator (including hardware, software, and interfaces) certified to represent the flight
environment needed to verify the end-to-end performance of the data processing system.

o Test capabilities to perform integrated verification.

o Integration of the above items.

o Interfaces to Constellation element emulators.

The Contractor shall develop an EEST that at a minimum includes the following:

o CEV electrical test bed design for use in a NASA provided and operated facility.
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o Functionally flight equivalent to the CEV and reconfigurable to match any CEV block
designs.

o Certified flight-like hardware for the power generation, storage, and distribution/control
subsystems; however, flight performance equivalent emulators can be substituted for the
power generation and storage subsystems.

o Electrical load simulation (including hardware, software, and interfaces) to represent the
flight environment needed to verify the end-to-end performance of the EPS system.

o Test capabilities, to perform integrated verification, which accommodate the electrical
testing of; '

= CEV-contractor provided equipment
» Integrated or portable internal/lexternal GFE and payload electrical equipment

» CEV electrical interfaces required for ground maintenance, launch support, and other
in-flight vehicles

= Nominal and off-nominal testing (includes destructive testing with provisions to isolate
and protect the integrity of the test-bed)

= CEV-integrated EPS with critical test-point measurements without adversely affecting
certified flight-like performance

o Integration of the above items.

f) The Contractor shall develop, install, certify, and deliver the CAIL, including all applicable
operating procedures, instructions, and drawings, to NASA at a site to be chosen by NASA in
a TBD location in Houston, Texas. The CAIL shall include two full operational rigs and a third
development rig. The Contractor shall begin delivery of these three rigs to the CAIL facility at
CDR and have these rigs fully operational nc later than six months after CDR.
g} The Contractor shall develop, install, certify, and deliver the EEST, including all applicable
operating procedures, instructions, and drawings, to NASA at a site to be chosen by NASA in
a TBD locaticn in Houston, Texas.
h) The Contractor shall design the CAIL and EEST to be reconfigurable for all spacecraft
configurations (Block 1A, 1B, and 2).
i} The Contractor shall deliver the following:
o CAlL
o EEST
o Acceptance Data Packages (DRD CEV-T-040)
» CAIL
= EEST
o DD250 for each of the above
Deliverables

The Contractor shall deliver and maintain the following document(s):

DRD CEV-T-082: Spacecraft Test & Verification Facility System Requirements Document
DRD CEV-T-083: Spacecraft Test & Verification Facility System Design Document

DRD CEV-T-084: Spacecraft Test & Verification Facility Certification Plan

DRD CEV-T-085: Spacecraft Test & Verification Facility Certification Package
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6.5 Spacecraft Assembly, Integration, and Production

a)

b)

d)

The Contractor shall integrate, assemble, certify, acceptance test, and deliver flight
spacecraft meeting the requiremenis for the particular configurations beiow.

The Contractor shall test (acceptance test only} and deliver flight spares. The Contractor
shail provide a spare parts list as part of the DRD CEV-T-012, Logistics Support Analysis
(Recommended Spare Parts List). (IDIQ)

The Contractor shall integrate, assemble, acceptance test, and deliver flight test articles
meeting the standards and requirements of section 10.1, Flight Test Article Development and
Production. Note: Flight test articles do not need to meet the standards levied in section 6.0,
Spacecraft.

NASA will define the maturity and quality of the early software deliveries to externat sources
(e.g., the training facility and simulators) needed for development of NASA facilities, including
ground rules for submitting discrepancies and measuring the quality of the software
development process. NASA will have the final decision authority on the content of all

. software deliveries to external sources. The Contractor shall produce Soffware Version

Description Documents (DRD CEV-T-057) for each external software delivery detailing
requirements capabilities satisfied with each software release. The Contractor shall be
responsible for providing load support with all external flight software deliveries. Additionally,
the Contractor shall be responsible for providing all software utilities, special test equipment,
and associated user's manuals required for loading software in delivered Line Replaceable
Units (LRUs). The Coniractor shall begin delivery of software loads to external sources six
months after CDR and shall occur every foilowing nine months until contract completion.

The Contractor shall develop and implement plans detailing the design and construction of all
CEV fransportation support equipment, and the plans for transportation of the CEV
Spacecraft to the processing and/or launch sites. These plans shall be included in DRD CEV-
T-087, CEV Spacecraft Handling and Transportation Flan.

The Contractor shall provide to NASA test equipment, facilities, tooling or fixtures required for
producing and testing mission-cycle flight articles.

The Contractor shall develop and implement an imagery plan to provide imagery (e. g., still
photo, motion picture, digital imagery, or video) of the CEV Spacecraft system, modules,
subsystems, and components during manufacturing, assembly, test, integration, and close-
out to document the hardware configuration. The Contractor shall include the plan and
imagery in DRD CEV-T-088, CEV Imagery Plan/magery Deliverables.

The Contractor's delivery plans shall include the planned method of manufacturing (including
the Contractor's plans for design for manufacturability) and assembly of the flight articles(s)
and associated unique tocling, fixtures and support and test equipment in accordance with
DRD CEV-T-086, Manufacturing and Assembly Plan.

The Contractor shall be responsible for maintaining all trainer-delivered hardware for
assurance that the hardware receives all upgrades and all fixes. ’

The Contractor shall deliver the following:
o 2 Flight Spacecraft

* 1A Crew Module + DD250; Service Module + DD250; LAS + DD250; Spacecraft
Adapter + DD250

= 1B: Crew Mecdule + DD250; Service Module + DD250; Spacecraft Adapter + DD250
o 2 Additional Production CEVs with requirements as defined in Section 10.0, Flight Test

= RRF; Crew Module + DD250; Service Module + DD250; LAS + DD250;
Spacecraft Adapter + DD250
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o Structural Test Article (used for structural verification static and dynamic testing) Note:
The Structural Test Article shall be delivered to NASA after the Contractor completes the
structural test program.

o Flight Spares (1 ship set (i.e., 1 copy of every line replaceabie unit)) (IDiQ)

o Flight software (source code, executables, and build procedures) deliveries . Flight
software deliveries shall start occurring at COR and cccur at a frequency of no less than
every six months thereafter. ’

o Three ship sets of flight equivalent C&DH hardware and one ship set of flight equivalent
D&C hardware (for the frainer)

o CEV emulators (including target processor and flight software} for interface testing, as
required in section 2.2.1and 2.2.2

o DD250 for each of the above
o Acceptance Data Packages (DRD CEV-T-040)
=  Service Module

= Crew Module

= LAS
= Spacecraft Adapter
* RRF-

= 1 RRF Flight Test Article
Deliverables
The Contractor shall deliver and maintain the following document(s):
s DRD CEV-T-088. Manufacturing and Assembly Plan
« DRD CEV-T-087: CEV Handling and Transportation Plan
» DRD CEV-T-088: CEV Imagery Plan/imagery Deliverables
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OPERATIONS

CEV Operations is a NASA-led function with the Contractor providing the necessary data
products, operational requirements, and support for NASA to develop the plans, processes,
procedures, and tools to operate the CEV System. Operations includes the development and
implementation of the processes, plans, system requirements, support and reference documents,
training, procedures, and work associated with the preparation, launch and flight execution, and
recovery of the CEV spacecraft. The scope of operations includes use of the CEV System
hardware/software after delivery o NASA in support of the preparation and execution of the Risk

Reduction Flights (RRF) as defined in SOW Section 10, Flight Test, and the operationat
flights.
The two principle areas of cperations are ground operations and flight operations. Ground

operatlons are actlvities associated with the processing of the flight hardware using ground
systems for the launch and post-landing operations. These activities include the planning, pre-
launch processing, launch, and post-landing operations. Flight operations are activities performed
to support the spacecraft and crew to accomplish the mission objectives. The scope of flight
operations includes the early preflight analyses and design, flight planning, flight product and
procedure development, flight training, and flight execution by the crew and mission operations.

a) The Contractor shall provide a concept of operations for the CEV in accordance with DRD
CEV-0-001, Confractor's CEV Concept of Operations, using ANSI/AIAA-G043-1992,
Guidance for the Preparation of Operational Concept Documents, paragraph 4.0 and
Appendix A, as a guidance document.

Deliverables
The Contractor shall deliver and maintain the following document(s):
e DRD CEV-0-001: Contractor's CEV Concept of Operations

7.1 Operational Analyses Supporting Design

-~

on per SOwW-
g&stlons 2.1.5, Systems Ana!ysis; 2.21, CEV 1o Constellatlon Program Integration, and
222, CEV to ISS Program Integration in accordance with DRD CEV-T-010, Sysiem
Performance Analysis Report, to ensure a balance of cost, schedule and risk between
spacecraft design and ground and flight infrastructure needed to accomplish the operational
mission. These operaticnal analyses will produce an “operational view" that describes how
the system products serve the operators (e.g. flight crew, ground operations, and flight
operations). The Contractor shall provide operational analyses that establish lifecycle
operation and support requirements for the system. These operational analyses shall be
sufficient for use by NASA to determine how best to provide operational support, determine
under what environmental conditions the system products may be used, and how well they
may perform under anticipated conditions. The Contractor shall incorporate the applicable
human-to-machine interface considerations for ground processing from the CXP-01000,
Constellation Human System Integration Requirements (HSIR) (and associated Children
documents as specified in Attachment J-3, Applicable, Guidance, and Informational
Documents List). Example subjects for operational analyses include:

a) The Contractor shall perform and update operational analyses
\ for implementati

o Reduction and consolidation of flight-to-ground interface points in addition to flight-
element to flight-element interfaces;

o Use of common/consistent fasteners, connectors, and consumables/propellants;

o - Use of non-toxic cansumables;
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o Design of Line Replaceable Units (LRUs) that allows for removal, replacement and retest
throughout the ground processing flow;

o Use of design that allows for in-space maintenance;

o Minimize operational constraints on vehicle in-space attitudes caused by design
limitations in such systems as communications, thermal, or power system; and

o Design of flight software architecture for less costly maintenance and certification
following updates.

7.2 Ground Operations

Ground Operations will be the responsibility of the NASA; however, it is essential that the
Contractor participate with NASA in the overall planning and implementation of ground
operations.

a)

b)

d)

e)

f)

The Contractor shall support NASA ground operations in the development of a CEV ground
operations plan addressing pre-launch processing, launch operations, and post-landing
operations to ensure that ground operations activities are appropriately planned and
implemented. Examples of Contractor support to NASA ground operations include: provide
flight and ground design data, provide technical assistance to the system integrated testing
approach, identify support requirements for vehicle processing, provide technical expertise
during the operations reviews, and provide work force resource loading forecasts for ground
operations activities involving Coniractor-provided hardware and software. (IDIQ)

The Contractor shall develop and update the flight hardware/software operations and
maintenance plans and requirements for ground operations in accordance with DRD CEV-0-
002, Flight Hardware/Soffiware Operations and Maintenance Requirements Development
Plan and Requirements Document. The Contractor shall coordinate flight hardware/software
operations and maintenance plans and requirements development with NASA.

The Contractor shall provide flight and ground hardware/software technical assistance during
ground operations phases to support ground operations activities, ensure operations and
maintenance requirements implementation, assist in element-to-element integrated testing,
assist in flight hardware/software corrective action disposition, ensure consistent, clear
communications between the Contractor and NASA ground operations, and provide an
advocate between the ground operations organizations and the spacecraft designers. (IDIQ)

NASA will implement the requirements as defined in the DRD CEV-0-002, Flight
Hardware/Software Operations and Maintenance Requirements Development Plan and
Requirements Documenf, during ground operations. The Contractor shall assess and
provide recommendations regarding changes to the NASA-developed ground operations
procedures to assure that the changes are consistent with the CEV Spacecraft and GSE
requirements, constraints, and capabilities. (IDIQ)

For work that is to be accomplished by the Contractor at either KSC or CCAFS, the
Contractor shall develop and update the support requirements in compliance with KSC-HB-
(GPB60-3 ASRS Handbook and in accordance with DRD CEV-0-003, Launch Site Support
Requirements Documentation.

The Contractor shall be responsible for post-flight refurbishment of any reusable items
delivered under Schedule A. (IDIQ)

Deliverables

The Contractor shall deliver and maintain the following document(s):

DRD CEV-0-002: Flight Hardware/Software Operations and Maintenance Requirements
Development Plan and Requirements Document
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» DRD CEV-0-003: Launch Site Support Requirements Documentation

7.3 Flight Operations

Flight Operations include the plans, processes, schedules, and products required to perform the
flight design, analyses, and flight planning activities; fiight products and procedure development;
and executicn of the Risk Reduction Flights (RRF). Jhs defined in SOW Section 10, Flight
Test, and the operational flights. Flight operations Will be the respensibility of NASA; however, it
is essential that the Contractor provide the data and support to NASA for the development of the
flight operations products to prepare for and execute the CEV missions.

7.3.1 Flight Operations Preparation

Flight Operations Preparation is the development of the pre-flight pians, processes, schedules,
flight design and analyses, flight plans, procedures, and support products necessary to prepare
for the CEV mission execution. The culmination of these activities will produce a complete,
integrated set of operations products and procedures necessary to execute a CEV mission.

A single authoritative source of vehicle design and performance data is required to develop,
produce, and implement the flight design process, trade studies, analyses, simulations, and flight
products and procedures.

a} The Contractor shall develop and update vehicle systems, flight design, and analysis data for
the CEV spacecraft in accordance with DRD CEV-0-004, CEY Operations Data Book,

o Volume I: CEV Spacecraft Systems Performance and Constraints Data

o Volume ll: CEV Spacecraft Systems Electrical Equipment List

o Volume IH: CEV Mission Mass Properties Data

o Volume IV: CEV Spacecraft Systems Contingency Analysis Data

o Velume V: CEV Aerodynamic and Astroadynamic Performance and Constraints Data
o Volume VI: CEV Crew Module Landing and Emergency Rescue Data

o Volume Vil: CEV Flight Capability Envelopes

o Volume VIII: CEV Ascent, Entry, and On-orbit Structural Envelopes

b) The Contractor shall develop the initial procedures inputs in accordance with DRD CEV-O-
005, Flight Operations Procedures Data. These provide nominal operations, maintenance,
and nominal/off-nominal time critical response CEV spacecraft procedure inputs.

¢) The Contractor shall develop the CEV stowage procedures and supporting documentation in
accordance with DRD CEV-0-006, CEV Stowage Capabilities and Services Handbook.”

d) The Contractor shall provide support to the NASA flight operation’s systems, flight planning
and cargo integration, and flight design and analysis disciplines. The Contractor shall ensure
consistent, clear communications between the Contractor and NASA flight operations, and
shall research and disseminate the necessary data and technical information from the
spacecrait designers for NASA to develop its flight products.  Examples of Contractor
support to NASA flight operations include: provide technical assistance during NASA's
development of the flight crew and flight controller procedures, flight rules, flight plans,
system briefs, reference products, flight design and analysis tools, system analysis tools,
telemetry parameter selection, displays necessary to prepare for and execute CEV flight
operations, and provide an advocate between the flight operations organizations and the
spacecraft designers. (IDIQ)
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e) The Contractor shall assess and provide recommendations regarding flight rule change
requests and procedures change requests to assure that changes are consistent with CEV
spacecraft requirements, constraints, and capabilities. (IDIQ)

Deliverables

The Contractor shall deliver and maintain the following document(s):

« DRD CEV-0-004: CEV Operations Data Book

¢« DRD CEV-0-005: Flight Operations Procedures Data

« DRD CEV-0-006: CEV Stowage Capabilities and Services Handbook

7.3.2 Flight Operations Execution (IDIQ)}

Flight Operations Execution encompasses real-time support for all phases of mission operations
beginning with pre-launch activities through postdanding egress of the flight crew. It is the
culmination of all of the earlier pre-flight flight design, mission planning, training, and ground
operations activities.

a) The Contractor shall provide support during the execution of the CEV missions using the
Contractor personnel supporting the NASA flight operation’s systems, flight planning and
cargo integration, flight design and analysis, and training disciplines.

b) The Contractor shall provide engineering support during flight execution to provide technical
information, interpret systems health data, and perform in-depth analysis in response to
anomalous spacecraft conditions. The Contractor shall support the NASA CEV sub-system
managers.

7.4 Range Safety

Test and operational flights of the CEV from U.S. airspace and ranges will require interaction with
the agency responsible for the range. Support to Range Safety includes the technical and
management efforts to assemble the appropriate team; develop and prepare plans for
compliance with range safety requirements during design, development, preparation and
execution of CEV test and operational flights; establish meetings and reviews with range safety
personnel and the CEV subsystems personnel; coordinate with NASA operations personnel; and
obtain range safety support to hazardous activities at the launch and test flight sites, launch
operations, and hazards analysis for the launch/ascent and the descent/landing phases.

a) In association with the CLV Project and the launch vehicle contractors, the Contractor shall
define and resolve range safety issues in support of CEV system development, and provide
data necessary fo gain approval of the range safety requirements in accordance with DRD
CEV-0-007, Range Safety Requirements Documents using NPR 87155, Range Safety
Program, and AFSPCMAN 91-710, Range Safety User Requirements Manual. The
Contractor shall incorporate the requirements set developed in accordance with DRD CEV-O-
007 into the appropriate CEV Spacecraft and GSE specifications delivered in DRD CEV-T-
031, CEV <System> Requirements Specification.

Deliverables
The Contractor shall deliver and maintain the following document(s):
o DRD CEV-0-007; Range Safety Requirements Documents
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7.5 Training

NASA operations will develop the training products and conduct the operations training and
certification for ground and flight operations.

a)

b)

The Contractor shall provide NASA operations access to all data products produced by the
Contractor, its subcontractors, and its vendors for the purpose of their in-house training and
familiarization of the CEV System and its subsystems. The Contractor shall provide the data
products in accordance with SOW Section 1.1.3, NASA ICE.

For ground operations, the Contractor shall provide support for NASA development of training
materials. Examples of Contractor support include: provide technical assistance in flight
hardware processing, handling, and safety considerations; and provide an advocate between
the ground operations’ training organization and the spacecraft designers. (IDIQ)

For flight operations, the CEV Contractor shall provide support to the NASA training
organization. The Contractor shall ensure consistent, clear communications between the
Contractor and the NASA training organization, and shall provide technical assistance during
NASA’s development of the training materials necessary to prepare the flight crew, flight
controllers, and other flight operations personnel for CEV missions. Examples of Contractor
support include: research and dissemination of the necessary vehicle systems data and
technical information from the spacecraft designers for NASA to develop its training products;
provide preliminary vehicle design and test data, vehicle design rationale and drivers, and
clarify vehicle requirements, design, and interfaces; and provide an advocate between the
flight operations’ training organization and the spacecraft designers. (1DIQ)
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— 8  LAUNCH AND VEHICLE SERVICES (RESERVED)
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GROUND AND TRAINING SYSTEMS

Ground Systems include facilities, facility systems, and support equipment hardware and
software required for ground and flight operations. NASA will provide all ground systems
facilities, facility systems, and a portion of the support equipment.

Training Systems include facilities, hardware and software to support ground and flight operations
training. NASA will provide training systems.

9.1 Facilities and Facility Systems

The ground facilities and facility systems encompass processing facilities, control rooms, landing
and recovery facility systems and other monitoring systems.

a) The Contractor shall develop and update end item-level requirements in accordance with
DRD CEV-0-008, Ground Systems Requirements, Plans, Reports, and Design Data, Volume
1, Ground Systems End ltem Requirements Document and Report.

b) The Contractor shall support NASA in the requirements development; and in the design,
development, modification, and implementation activities for the facilities and facility systems
that will be provided by NASA. Examples of Contractor support include: provide flight
hardware/software interface design and data; participate in the design reviews, working
groups, and technical interchange meetings; ensure Contractor requirements are
implemented appropriately; and participate in the activation and verification of NASA provided
facilities and facility systems. (IDIQ}

Deliverables
The Contractor shali deliver and